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of such vague directive powers, he points to the importance of the new idea of endo-enzymes as 
the universal agent of the cell, and in support of this view refers to Buchner’s discovery of zymase 
and cell-free alcoholic fermentation, to the arginase of Kossel and Dakin, to Dakin’s enzyme 
which converts pyruvic aldehyde into lactic acid, and to the ‘‘ small army ”’ of enzymes known 
to play a part in the breakdown of nucleic acid. He then proceeds to discuss the question as to 
whether so large a part of the chemical dynamics of the cell, as comprising simple metaplastic 
reactions catalysed by independent specific enzymes, can be regarded as feasible, and fully 
accepts the implications. 

When, after the war, he was able to get down to work again, the reality of the teachings of 
his 1913 lecture are obvious. In that lecture he advocated greater use of the direct method of 
attack to separate from tissues further examples of the simpler products of metabolic change, 
no matter how small the amount in which they may be present. Putting his faith, as usual, in 
a colour test, he began to practise this teaching by applying the nitroprusside reaction (in the 
modification developed by his pupil Rothera) in order to detect the presence of acetoacetic acid 
in tissues of animals which had been deprived of carbohydrate. You will remember that instead 
of finding this substance he immediately came up against the “‘ philothion’”’ of Rey-Pailhade. 
What was certainly the same substance had been shown to react to this colour test by Hefter 
and Arnold, and had become a subject of great interest to these workers. It was Hopkins’s 
first main task to isolate this substance, which he later called glutathione. Here again he had 
an opportunity, which he seized with both hands, of showing his great analytical skill. In 
passing, we note that once more he made a substance of hypothetical interest, as in the case of 
tryptophan, into a tangible one of great practical and experimental importance and thereby 
opened up a new world of discovery. 

Turning now to work on the problem of biological oxidations which received a great stimulus 
by the discovery and isolation of glutathione, Hopkins’s actual entry into this field was heralded 
by the publication of two papers, one published with Morgan and Stewart in 1922 on xanthine 
oxidase, and the other, already referred to, on the isolation of glutathione. These two papers, 
I think, contain his most significant personal contribution to the literature of oxidations, not 
only because of the intrinsic importance of the discoveries described but also because of the 
tremendous influence they had on other workers both in his own department and throughout 
the world. 

During the early 1920’s, the study of biological oxidations was dominated by two rival and 
apparently incompatible theories. One theory, associated mainly with the names of Wieland 
and Thunberg, explained the oxidative breakdown in the tissues of stable substances like lactic 
and succinic acids as being due to activation of pairs of hydrogen atoms (in reality activation 
of the substrate itself whereby hydrogen atoms are “‘ loosened ’’) by the agency of tissue enzymes 
called dehydrogenases, This theory rested mainly on the fact that such oxidations can take 
place in the complete absence of oxygen, provided some suitable alternative hydrogen-acceptor 
such as methylene-blue is present. The other theory, due to Warburg, was that biological 
oxidations are brought about by an iron-containing catalyst which activates oxygen. This 
view was based mainly on the activity of model catalysts containing iron deposited on charcoal, 
and on the inhibiting action of cyanide on the charcoal model and on most tissue oxidations, 
due it was suggested to its inactivating the catalytic iron. 

This was the general background when Hopkins was carrying out his pioneer work on oxid- 
ations. He published his work on the discovery of glutathione in 1921. In this paper he 
mentions by the way that one of his reasons for following up the sulphur compounds of tissues 
was an attempt “‘ to discover if vitamins were to be found among sulphur-containing com- 
pounds ”’—surely a striking example of pre-cognition, for the vitamins thiamine and biotin were 
isolated and proved to contain sulphur in the years 1926 and 1936 respectively. Hopkins 
showed that the new sulphur compound, glutathione (which later proved to be a tripeptide), 
could exist in a reduced, sulphhydryl] (or thiol) form (G*SH), and in an oxidised, disulphide form 
(G*S*S:G), these two forms being interconvertible. He suggested that the function of glutathione 
within the tissues might be that of a catalyst, the disulphide acting as the hydrogen acceptor in 
being reduced, and then passing on the hydrogen to oxygen during its spontaneous reoxidation 
by oxygen. As he says, the substance would then be fairly spoken of as a co-enzyme, playing 
an important part in the chemical dynamics of the cell. This seems to have given the first hint 
that intermediate hydrogen transport might be a process proper to living tissues—a conception 
which is to-day fundamental to biological oxidation, being involved as it is in the action of 
catalysts such as cozymase and the flavoproteins. 

There is no time to go into detail of his later work on glutathione—his experiments showing 
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that alternate oxidation and reduction of glutathione does actually take place in the tissues, 
that the liver of well-fed animals has a greater reducing power towards the substance than that 
of fasting animals, that the oxidised tripeptide can reversibly change the “‘ fixed SH ” groups of 
tissue proteins into the disulphide form, and that the SH groups are regenerated by reduced 
glutathione. The last discovery led to the idea that certain hydrolytic enzymes such as papain 
which are activated by sulphhydryl compounds are dependent for their activity upon the 
presence of SH groups in the protein of the enzyme. . Hopkins investigated this question in the 
case of some of the dehydrogenases and showed that the activity of succinic dehydrogenase 
was dependent upon such SH groups, the enzyme being inactivated by oxidised glutathione and 
reactivated by reduced glutathione. Peters suggested that such SH groups might be part of 
the pyruvic acid oxidising enzyme, and this conception, coupled with Voegtlin’s observations 
on the affinity of thiol compounds for arsenic, was the basis for the splendid researches of Peters 
and his colleagues leading to the development of British Anti-Lewisite (“‘ BAL ”’), which might 
have played a vital part in the war, and is now, in peace, likely to be important in medicine—for 
example, in counteracting the toxic effects sometimes occurring during treatment with arsenic 
and other metals. 

I believe it would be true to say that, as an intermediary tissue catalyst in the sense envisaged 
by Hopkins, glutathione has so far proved a disappointment. The work of Keilin indicates 
that a large proportion of the oxidation of the tissues occurs via the cytochrome system in which 
glutathione is apparently not required. Moreover, the specific activating effect of glutathione 
on the enzyme glyoxalase has lost some of its interest now that methylglyoxal is no longer 
regarded as an important intermediate in the breakdown of carbohydrate to lactic acid. It 
may be that the chief importance of glutathione lies in its power to keep the various sulphhydry]l- 
containing enzymes in an active state. It may well be, too, that other important activities of 
glutathione remain to be discovered. Meanwhile the importance and fruitfulness of the ideas 
put forward by Hopkins as a result of his work on glutathione can hardly be exaggerated. 

Referring for a moment to Hopkins’s other early paper on oxidations—the one published 
with Morgan and Stewart in 1922 on the enzyme xanthine oxidase which oxidises the purines 
hypoxanthine and xanthine to uric acid—there is only time to mention that this paper, apart 
from the facts which it describes, is full of the seeds of ideas for further work on fundamental 
properties of enzymes. Many of these seeds fell on good ground, and as a result about a score 
of papers dealing with this enzyme were published during the succeeding years by members of 
Hopkins’s department. Many of these papers throw much light on fundamental enzyme 
problems such as specificity of action, methods of enzyme purification, enzyme dynamics and 
the action of inhibitors, and soon. Moreover, the actual experimental technique used in most 
of these papers, as in much of the work on tissue oxidation in general, was that used by Hopkins 
in the 1922 paper, namely the Thunberg methylene-blue tube for anzrobic work side by side 
with the Barcroft differential manometer for aerobic experiments. Use of this double technique 
in 1924 led Fleisch in Cambridge and Szent-Gydérgy in Groningen independently to suggest that 
both the Wieland and the Warburg mechanism were involved in most biological oxidations. 
The former controversy was finally resolved by Keilin’s cytochrome work, involving dehydro- 
genation at one end of the chain of reactions and oxygen “ activation’”’ by the cytochrome 
oxidase at the other end. 

To sum up, Hopkins, in his work on biological oxidation, as in his other work, constantly 
stresses the dynamic side of the problems, not merely what substances are at work, but how they 
work, and the phrases “‘ cell dynamics” and “‘ dynamic equilibrium ”’ constantly recur in his 
papers and lectures. In spite of the wide range which his researches covered, and of the many 
new fields which his work opened up, there is an essential unity about his work. Here is just 
one example of the linking up of two different aspects of his work, the vitamins and tissue 
oxidations. Two of the most important oxidation catalysts of the hydrogen-carrier type, 
mamely the pyridine dinucleotide cozymase and the isoalloxazine dinucleotides (in the form of 
flavoproteins) which function as carriers in the manner he first suggested, are now known to 
contain vitamins in their molecules. Presumably we need these vitamins (nicotinamide and 
riboflavin) in order to build up these carrier catalysts. Similarly, in a more recent paper he 
described experiments on the inter-relationships between the oxidation of glutathione and 
vitamin C. 

One may think of Hopkins as working on a giant jigsaw puzzle in which, while fitting together 
sometimes one, and sometimes another, group of pieces, he constantly attempted to bring these 
different groups of pieces together in an endeavour to fit them into the master pattern. The 
measure of his greatness lies not merely in his own work and writings, but in the inspiration he 
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has been to countless workers in biochemistry who have spread all over the world, and who 
now continue building on the pattern as he left it. 

Hopkins’s own research, while it must impress everyone familiar with this subject as being 
a remarkable contribution to knowledge and one of revolutionary effect, is only a part of his 
enormous achievement in the world of science. How great his influence was can be seen in the 
fact that, at the beginning of the present century, there was literally no biochemistry and but 
little physiological chemistry in this country, whereas when he retired from his Chair at Cam- 
bridge I think it is not unreasonable to claim that British workers in biochemistry could look 
those of other countries in the face and at least claim equality with them. In 1900 physiological 
chemistry and biochemistry were almost a German monopoly: in that year the thirty-first 
volume of the Zeitschrift fiir physiologische Chemie was published. It was not until 1906 that 
the first volume of the Biochemical Journal came into existence. It is difficult to mention a 
single British biochemist as a contemporary of the great Continental workers who were active in 
the closing decades of last century, such, for instance, as Hofmeister, Kossel, Emil Fischer, 
Hoppe-Seyler, Hammarsten, and Salkowski, although, at that time, British physiologists were out- 
standingly good. Only with the appearance of workers like Hopkins, Dakin, Barger, and Harden 
did this subject get a proper start in this country. It is not my purpose to discuss any further 
this development of biochemistry in England, but it can at least be claimed that Hopkins and 
his school at Cambridge formed the backbone of this evolution. 

It would also be easy to show Hopkins’s great influence in biochemistry by referring to the 
large number of his pupils who have been elected to University chairs in this subject. Or 
again, much could be written of the splendid output of research of many of his pupils and assist- 
ants, both in this country and abroad, a large part of which has, naturally, been in the field of 
enzyme chemistry. An idea of the productivity in research of his pupils can be obtained from 
the volume “‘ Perspectives in Biochemistry ” (Cambridge, 1937) which was published in honour 
of his seventy-fifth birthday by a group of them, but this aspect of Hopkins’s influence could be 
very greatly expanded. I am tempted to discuss at length some of this impressive work, but 
shall content myself with referring in passing to one only of these discoveries of a pupil, which 
at the present time is having very great repercussions. I mention it because it seems to me 
that such a discovery could only have come from one working in association with a biochemical 
leader whose views on the dynamics of cell chemistry, particularly in regard to enzyme action, 
were those of Hopkins. 

It may be remembered that in 1928 Quastel in collaboration with Wooldridge, working on 
the assumption that an enzyme could be regarded as possessing an active centre whose groups 
were arranged in a definite configuration which determined its specificity, found that malonic 
acid inhibited the action of succinoxidase. This and other like instances led to the idea 
of biochemical competition : that analogues derived from a natural substrate by a slight change 
in constitution were similar enough in shape to the substrate to be loosely held by the enzyme 
at its active centre and yet did not fit sufficiently well to react further. These analogues, there- 
fore, competed with the natural substrate for the enzyme surface, and, according to their con- 
centration and affinity for the surface might occupy all or part of it, so slowing down or stopping 
the enzyme action. In 1941 this theory was extended by Fildes and Woods to explain the 
sulphanilamide action on bacteria. They postulated that p-aminobenzoic acid was essential 
for the metabolism of micro-organisms, and that sulphanilamide, owing to its structural similarity, 
competed with it for an enzyme surface. Another instance is the antagonism, demonstrated 
by Woolley, shown in animals by 3-acetylpyridine to its analogue nicotinic acid, and its power 
thereby to produce in animals a vitamin deficiency similar to pellagra. This kind of explanation 
may be expected to account for the pellagragenic action of maize when nicotinic acid is deficient. 
The same theory of biochemical competition has had many other wide extensions in recent years 
and will probably be found to be the basis of a large number of new chemotherapeutic, nutri- 
tional, and biological phenomena. Such a theory has the merit of explaining how substances 
may exert therapeutic, toxic, or other biological effects which are conditional on other circum- 
stances and may be reversible, a kind of mechanism for which physiologists have long been 
looking. This subject can, I think, be regarded as a most important product of Hopkins’s 
teaching and philosophy. 

I am conscious that in this lecture I have omitted to deal with many of Hopkins’s qualities 
and experiences which deserve mention. In other cases, I have possibly been, by commission 
or omission, unbalanced in my description; but whatever the failings may be, I hope I have 
succeeded in conveying my certain opinion that Hopkins was not only one of our greatest 
scientists but also a man of remarkable personality. Apart from the interference caused by the 


| 
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years of the two wars, which was disastrous to his proper work, it can be said that his research 
investigations were carried out almost to capacity. He was not only blessed with a long, active 
life, but throughout his life he had extremely good health, perfect home life, and for many years 
conditions which allowed the fullest employment of his skill. To this extent all of us and indeed 
the whole world have profited, and the least we can do is to express our unbounded gratitude. I 
have not mentioned all the high honours that were conferred upon him, but I think everybody 
will agree that, whatever the honour conferred upon Hopkins, he himself honoured by accepting. 

There is one final suggestion I should like to make. In the course of time some form of 
memorial will undoubtedly be established in his honour. It seems to me most important that 
it should take a form which will ensure that his spirit and his teachings will be carried on through 
successive generations of workers in biochemistry. This might well be attained by the found- 
ation of a lectureship by the Chemical Society, possibly in conjunction with the Royal Society 
and the University of Cambridge, the main condition of the lectureship being that each lecturer 
should choose a part of Hopkins’s own work for discourse in the light of knowledge as it has 
developed at that particular time. 


142. The Configuration of Naturally Occurring Mixed Glycerides. 


Part IV. The Configuration of the Major Component Glycerides of 
Palm Oil. 
By M. L. Mzara. 


Palm oil has been separated by exhaustive fractional crystallisation into fractions consisting 
of fully saturated, mono-unsaturated di-saturated, and mono-saturated di-unsaturated 
glycerides respectively. Component fatty acid analyses considered in conjunction with thermal 
data obtained for individual glycerides isolated from crystallisation of the fully hydrogenated 
derivatives of each fraction indicate the presence of both a- and f-oleodipalmitin (in 
approximately equal amounts) in the mono-unsaturated di-saturated portion of the oil, whereas 
a-palmitodioleins and a-palmito-oleolinoleins greatly predominate over the accompanying 
B-isomers in the mono-saturated di-unsaturated fractions. 


THE determination of the component acids and glycerides of palm oil has been the subject of a 
number of investigations. Brash (J. Soc. Chem. Ind.,. 1926, 45, 4381) from a study of the 
crystallisation of palm oil and of the same oil after hydrogenation concluded that palm oil 
contained about 10% of tripalmitin and about the same amount of triolein. Hilditch and 
Jones (ibid., 1930, 49, 3631) isolated and examined the fully saturated glycerides from four 
different palm oils and found that the amount (7—10%) varied with the ratio of saturated to 
unsaturated acids in the fat as a whole, and that 70—80% of the fully saturated glycerides 
consisted of tripalmitin. A more detailed examination of the component glycerides of palm 
oils is due to Banks, Dean, and Hilditch (ibid., 1935, 54, 77r) who examined the fully saturated 
glycerides obtained by hydrogenating palm oils progressively to varying degrees of unsaturation. 
From comparative rates of hydrogenation it was suggested that the mono-palmito-oleins which 
form 60% of palm oil consisted of both «- and 8-palmitodioleins with the B-isomer predominating, 
whereas the melting points of the palmitodistearin fractions obtained on repeated crystallisation 
of the hydrogenated oils indicated that a considerable amount of a-palmitodiolein was present. 
From similar evidence these authors indicated the presence of both «- and 8-oleodipalmitins 
with the B-isomer predominating. They also produced evidence of increasing proportions of 
the unsymmetrical isomer as the amouuts of palmitic and unsaturated C,, acids approached 
equality. Hilditch and Maddison (ibid., 1940, 59, 67) investigated two palm oils by resolving 
them into a series of simpler fractions by recrystallisation from acetone at 0° and above. They 
were able to state the proportions of the various glyceride groups present, within narrow limits, 
but no individual glyceride fraction was obtained in these crystallisations and the configuration 
of the component glycerides lay outside the scope of their investigation. 

These somewhat indefinite conclusions, supported by little conclusive proof, called for 
further study of the configuration of the glycerides of palm oil, and a specimen of the oil has 
therefore been re-investigated according to the methods employed in the investigation of 
Piqui-a fruit-coat fat (Part III, J., 1947, 773). 


EXPERIMENTAL. 


The neutralised and deodorised oil [ca. 500 g., sap. equiv. 282-3, iod. val. 52-3; component fatty 
acids % (mol.): myristic 2-8, palmitic 43-4, stearic 3-4, oleic 43-1, linoleic 7-3%] was exhaustively 


‘ 
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crystallised from acetone and from ether. It was realised at a very early stage that the lisation 
would have to be much more exhaustive than that required for Piqui-a fruit-coat fat (loc. cit.), difficulties 
of separation experienced by Banks, Dean, and Hilditch occurring with the parent glycerides in much 
the same manner as with their fully hydrogenated derivatives. 

Crystallisation of the oil (acetone, 3 c.c. per g.) at 0° gave 343-6 g. of crystalline material (iod. val. 
34-2), leaving 158-4 g. (iod. val. 68-8) in solution. The latter recrystallised under the same conditions 
gave 64-1 g. (iod. val. 62-6) and 94-3 g. (iod. val. 70-2) respectively. The 64-1 g. fraction further 
recrystallised under the same conditions gave 22-3 g. (iod. val. 53-0) and 41-2 g. (iod. val. 69-5). The 
343-6 g. fraction crystallised from acetone (5 c.c. per g.) at 0° gave 233-6 g. (iod. val. 33-8) and 110-0 g. 
(iod. val. 69-2). The former was recrystallised from acetone (5 c.c. per g.) at 15° and the latter from 
acetone (5 c.c. per g.) at 0°. The palm oil had thus now been separated into the following fractions :— 


WE. 516 149-4 22-3 8-3 245 110-0 41-2 94-3 
Tod, Val. ..ccccccccccccccesees 12-0 34-1 53-0 55-1 65-1 69-2 69-5 70-2 


At this stage the 51-6 g. fraction was crystallised from ether (10 c.c. per g.) at 15°, the crystalline deposit 
being successively recrystallised from ether at 15° with dilutions increasing from 10 to 50 until the fully 
saturated glycerides had been isolated, together with small fractions containing the residual traces of 
fully saturated — together with some mono-oleo-glycerides. 

The 149-4g. tion was then crystallised from acetone (10 c.c. per g.) at 0°, and the crystalline material 
deposited recrystallised from acetone (20 c.c. per g.) at 0°, the material remaining in the mother liquors 
being united with the fraction of iodine value 53-0. The insoluble portion was then crystallised from 
ether (5 c.c. per g.) at 0° (which at this stage gave a much s r tion of mono-oleo- from 
di-oleo-glycerides than acetone), the soluble portion being recrystallised from acetone (20 c.c. per g.) 
at 0°. Successive recrystallisations of the insoluble fractions from ether (5 c.c. per g.) at 0° and of soluble 
portions from acetone (20 c.c. per g.) gave rise to a considerable number of fractions. Fractions of very 
similar iodine value were ultimately combined to give the final fractions F—K (see below). 

Fractions of iodine value 60 and over were combined and recrystallised from ether (10 c.c. per g.) at 
— 55° and — 45° successively, ultimately giving fractions K—N. 

Thus the oil was finally resolved into the following fractions A—N : 


Fraction ...... A B Cc D E F G H K L M N 

Wt. 205 49 40 0-7 1-4 22:2 625 33-3 7-7 115-0 895 96-8 

43 10 0-8 0-2 0-3 46 11-0 7-0 6-3 16 240 18-7 20-2 
0-0 1-2 66 15-0 241 295 302 33-0 43-2 50-0 57-9 70-0 86-9 


Fractions A, F, G, H, J, L, M, and N consisting of concentrates of individual glyceride groups were 
further investigated, the small ——— intermediate fractions B—E and K being neglected. 

The component fatty acids of tions L, M, and N were determined by ester fractionation after 

liminary separation of the acids by lead salt-alcohol or low temperature crystallisation methods. 
The composition of fractions F, G, H, and J was arrived at by ester fractionation of a portion of the fully 
hydrogenated fraction after due allowance had been made for the unsaturated acids, determined 
iodometrically and spectrophotometrically on a small portion of the unhydrogenated fraction. The 
component glycerides are calculated from the data so obtained (see Table I). 


TABLE I. 
Component Acids and Glycerides of Fractions F—J and L—N (% mol.). 
G H J M N 
Acid (% mol.) : 

0-9 0-3 2-3 5-1 2-9 1-2 0-8 
EL}. <cciatuvechinnsebinancinitiniamepe 67-6 65-6 62-0. 44-5 32-4 26-1 16-1 
1-2 1-1 13-7 9-6 5-6 3-0 
CED”  catubadesdcsadindsseic¥eedsbancwedenn 30-9 30-9 31-8 }36-7 { 48-6 59-7 63-7 
Linoleic (ag j 0-6 2-0 2-8 6-5 7-4 16-4 

Component glycerides mol.) : 
Disatd. mono-unsatd. 94-5 98-7 96-2 “9 “7 
Mono-satd. di-unsatd. 3-8 10-1 3 98-7 59-7 


Since the solid fractions F, G, H, and J could not be obtained (as in the case of the corresponding 
fractions from Piqui-a fruit, Part III) in sharply-defined crystalline forms, each fraction was 
hydrogenated at 100° in the presence of Raney nickel catalyst, as also were fractions L, M, and N, the 
fully saturated glycerides obtained therefrom then being exhaustively crystallised from ether. Much 
greater dilutions are required for the fractional crystallisation of fully hydrogenated material than for 
the fractional crystallisation of mono- and di-oleo-glycerides, and a more or less standard procedure was 
adopted. The fraction was first crystallised from ether (100 c.c. per g.) at 10°, the d ited crystals 
being filtered off. The mother liquor was then cooled to 5°, refiltered, and finally coaled to 0° to givea 


further crop of crystalline material, the final mother liquors then containing small amounts of fully 
hydrogenated material together with incompletely hydrogenated material. Each fraction was then 
recrystallised at 10° and 0° under the same conditions, and tions of the same melting point combined 
and recrystallised from ether (200 c.c. per g.) at 10° and 0°. Thus fraction GH (18-5 g.) gave 10-28 g. of 
crystalline material (GHI, m. p. 67—68°) at 10°, which on further repeated recrystallisation did not 
change in melting point; 1-52 g. (m. p.32—65°) were deposited at 5°, and 3-57 g. (m. p. 62—64°) at 0°. 
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The 1-52 g. fraction on recrystallisation at 10° gave 0-89 g. (GH2, m. p. 67—67-5°) and at 0°, 0-56 
(m. p. 63—63-5°). Similarly, the 3-57 g. fraction on recrystallisation at 0° gave 1-63 g. (m. p. 62655), 

and at 0°, 1-70 g. (m. p. 62—64°). The three fractions of similar melting point were recombined and 
crystallised from ether (200 c.c. per g.) at 10° and 0° and the process repeated on the fractions obtained, 

leading ultimately to the fractions GH3, GH4, and GH5, which did not alter in melting point on further 
recrystallisation. When a fraction remained constant in melting point after repeated recrystallisations 
it was submitted to detailed thermal examination in the manner described in Part I (J., 1945, 22). 


DIscussIon. 

In this investigation it was possible to separate the fully saturated glycerides almost 
completely from the remainder of the oil. It was not possible, however, to separate stearodi- 
palmitin from tripalmitin, as is seen from the saponification equivalents of the four fractions 
into which fraction A was finally resolved (Table IIa). The melting point of each fraction varied 
but little and lay near to that of tripalmitin. Had @-stearodipalmitin occurred in quantity a 
more marked separation on crystallisation might have been expected, with the melting point of 
the most insoluble fraction approaching 68°. The lack of separation observed due to very close 
similarity in solubility, coupled with the only slight differences in melting points observed, 
point, although not conclusively, to the presence of unsymmetrical «-stearodipalmitin occurring 
together with tripalmitin in the fully saturated portion of palm oil. 

From Table I it is seen that fractions F, G, and H consist almost entirely of oleodipalmitins, 
while Table IIb shows that the material obtained after hydrogenation of fractions F and G 
consists of approximately 80% of $-stearodipalmitin together with small but definite amounts 
of the unsymmetrical isomer. In H, a fraction of greater solubility, it is seen that the amount 
of unsymmetrical isomer increases as might have been predicted since unsymmetrical isomers 
have considerably greater solubility under the same conditions than their corresponding 
symmetrical isomers. It is clear from the data recorded that in palm oil a considerable amount 
of the oleodipalmitin occurs as the a-oleo-isomer, in contrast to Piqui-a fruit-coat fat where 
it was found that the mono-unsaturated glyceride consisted entirely of symmetrical 
6-oleodipalmitin. 

From Table I it is seen that fraction J will contain both oleodipalmitins, oleomyristopalmitins, 
and oleopalmitostearins, together with increasing amounts of dioleo-glycerides. No 
crystallisation occurred on treating the hydrogenated fraction under conditions similar to those 
used for FH, GH, and HH, indicating the probable absence of symmetrical glycerides. 
Exhaustive crystallisation of this fraction confirms this since the fraction of highest melting 
point melted at 62—63°, indicating that the stearodipalmitins and palmitodistearins in this 
fraction, derived from oleodipalmitins and oleopalmitostearins, consist for the most part of the 
a-palmito-isomer. Further, the component fatty acid analysis shows that together with 
fraction L this fraction contains the bulk of the myristic acid present in the fat, this being 
present as myristo-oleopalmitins, thus being in harmony with the now fully established principle 
of ‘‘ even distribution ”’, according to which any minor component acid will tend to be associated, 
in any one glyceride molecule, with one group of each of the two major component acids, 
palmitic and oleic. 

From inspection of the component fatty acids and glycerides of fraction L it is clear that 
incomplete separation of the glycerides has occurred, this fraction consisting of 35% of 
mono-unsaturated di-saturated and 65% of mono-saturated di-unsaturated glycerides. The 
greater amount of mono-saturated di-unsaturated glycerides (i.e., palmitodistearins) in the 
hydrogenated material should be relatively easily separated from stearodipalmitins derived 
from oleodipalmitins. Further, from solubility considerations any symmetrical palmitodi- 
stearin should be concentrated in the most insoluble fraction. It is significant therefore that 
definite evidence of $-palmitodistearin was obtained, since the most insoluble fraction (LH1) 
melted at 66°. It appears that in this sub-fraction «-palmitodiolein and «-palmito-oleolinoleins 
occur in amounts approximating to those in which the @-isomer occurs. Little can be said 
definitely of the configuration of the mono-oleo-glycerides in this fraction except that from 
thermal evidence and solubility considerations of their hydrogenated derivatives they appear to 
consist entirely of «-oleo-glycerides. 

Fraction M _ consists entirely of palmito-di-unsaturated glycerides. Exhaustive 
crystallisation of its hydrogenated derivatives indicated that it consists almost entirely of 
a-palmitodistearin, indicating the presence of a-palmitodiolein and «-palmito-oleolinolein in 
quantity in the parent fraction. 

Fraction N contains 40% of tri-unsaturated glycerides. On crystallisation of the fully 
hydrogenated material no great difficulty was encountered in separating tristearin in quantity 
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Taste II. 
(a) Transition and Melting Points of Fractions obtained from Fraction A. 
Saponific- ymorphic forms. 
% of ation c 
G. fraction. equivalent. IV. III. II. I M. p.* 
B-Stearodipalmitin 278-0 49 59 65° 68 
a-Stearodipalmitin 278-0 46-5 55 59-5 62-5 


(b) Transition and Melting Points of Fractions obtained from Fractional Crystallisation of 
Hydrogenated Fractions, F,G, H, J, L, M, and N. 


0% of Polymorphic forms. 
G. fraction. IV. III. II. I. M. p.* 
1-70 33-3 48° 59° 64° 67-0—67-5° 
0-67 13-1 48 59—60 63-5—64-5 67—67-5 
10-28 55-6 49 58—59 64 67—68 
0-89 4-8 48 58—59 63 67—67-5 
1-63 8-8 45 53 58 62—64 
3-67 28-2 49 58 64 67-5—68 
1-5 47—48 57 63 66-5—67°5 
10-8 45 53 57 61—62 — 
11-1 46 55 59 62-5 — 
14-4 50 56 60 64—65 — 
4-4 45 54 58 62—62-5 — 
5 23-6 49 56 60 64-5—65 _ 
2-2 4-4 48 55 59 64—65 
11-8 23-6 49 56 60 65—65-5 _ 
3-5 7-0 47 55 58 64—65 
18-3 36-3 53 63 70—72 
3-8 7-6 48 55 58—59 63-5—64-5 
0-2 0-4 48 55 59 64—65 
B-Stearodipalmitin 49 59 65 68 
a-Stearodipalmitin § — — 46-5 55 59-5 62-5 _ 
B-Palmitodistearin 50 56 64 68 
a-Palmitodistearin§ ... — 50 57 61 65 


* Detailed thermal data were not determined for fractions which were binary mixtures, the melting 
points only being recorded. 
Clarkson and Malkin, J., 1934, 666. 
Malkin and Meara, J., 1939, 103. 
Carter and Malkin, J., 1939, 577. 


and in a moderate degree of purity. «-Palmitodistearin was also isolated, with intermediate 
fractions consisting of a mixture of these two glycerides; {§-palmitodistearin was concluded to 
be absent from N since it was not observed in fraction M. 
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It was realised that the exhaustive crystallisation technique employed for the determination 
of the configuration of the major component glycerides is not conducive to an accurate 
quantitative determination of the component glycerides of an oil. Nevertheless, from the data 
recorded it is possible to make an estimate of the component glycerides of the palm 
oil investigated which is in tolerably good agreement with the computed values, based on the 
component fatty acids, according to the method devised by Hilditch and Meara (J. Soc. Chem. 
Ind., 1942, 61, 117). 


TaBLeE III. 
Observed and Computed Component Glycerides of the Palm Oil. 
Observed. Computed. Observed. Computed. 
Tripalmitin ............ 5 5 Palmitodiolein  ...... 37 } 45 
Stearodipalmitin ...... 1 1 Palmito-oleolinolein ll 
Oleodipalmitin ......... }38 36 } 8 
Oleopalmitostearin ... 7 Linoleodiolein ......... 6 


It is seen that the observed amount of mono-oleo-glycerides is lower, while the amounts of the 
di- and tri-unsaturated glycerides are higher, as compared with the computed values, this being 
largely due to the utilisation of 20 g. of material (4% of the whole oil, mainly mono-oleo- 
glycerides) for iodine value determinations during the numerous crystallisation processes 
required to produce the fractions F—K in particular. 

Further, from Tables I and IIb it is possible to make an approximate estimation of the 
amount of a- and £-oleodipalmitins and «- and {-palmitodioleins in the oil, if the arbitrary 
assumption is made that fractions of intermediate melting point in Table IIb consist of a mixture 
of a- and £-glycerides in amounts. 


TaBLe IV. 
Distribution of a- and B-Glycerides in Fractions F—N (Increments % mols.) 
PURI... descisiccssncssecsesccssese F G H J K L M N Total. 
a- 1-1 1-2 3-7 5-7 0-8 8-3 20-8 
B-Palmitodiolein * .... _ _ O4F 2-0 2-7 
a- ” O4F 13-7 18-5 12-2 45-1 


* Including palmito-oleolinolein. 
+ Di-unsaturated glycerides taken arbitrarily as consisting of equal amounts of a- and B-palmito- 
glycerides respectively. 


Thus approximately 45—50% of the palmitic acid in the mono-oleodipalmitins present in 
palm oil is attached at the « and «’ carbon atoms of the glycerol molecule, the remainder being 
present as the unsymmetrical a-isomer. §-Palmito-di-unsaturated glycerides, however, occur 
only to the extent of about 5—7% in the di-unsaturated glycerides, the bulk of the palmitic 
acid in this group being attached at the a-carbon atom. This is markedly different from the 
case of Piqui-a fruit-coat fat in which the di-unsaturated glycerides were shown to consist of 
both symmetrical and unsymmetrical palmitodioleins in approximately equal amounts. 

It has been suggested (Banks, Dean, and Hilditch, Joc. cit.) that, in naturally occurring mixed 
glycerides containing two different acids in combination, the symmetrical configuration is 
favoured so long as the acid which contributes two radicals to the mixed glyceride in the fat is 
in considerable excess of the other, the proportion of the unsymmetrical form increasing as the 
proportion of the less abundant acid increases. Increase in «-palmitodioleins occurred as the 
proportion of palmitic acid increased from 45% to 54% in the mixed acids of the two samples of 
palm oil investigated by these workers. That this generalisation is not rigidly true is indicated 
by the fact that Piqui-a fruit-coat fat containing 47% of palmitic and 51% of oleic acid contains 
a much smaller proportion of «-palmito-di-unsaturated glycerides than does palm oil. 

It may equally well be that the increased amount of unsymmetrical mixed glycerides present 
in palm oil is connected with the fact that this oil does not follow the rule of even distribution as 
closely as most fats (Hilditch and Meara, J. Soc. Chem. Ind:, 1942, 59, 117). Further, it may 
be significant that the only fats so far observed to contain unsymmetrical triglycerides in definite 
amounts are fruit-coat fats. Investigation of these problems is continuing. 


The author wishes to thank Professor T. P. Hilditch for his eres advice and criticism during this 
investigation. 
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143. The Significance of the Transition State in Aromatic Substitution. 
By A. WATERS. 


Attention is directed to the view that the only correct way to predict the favourable 
positions of substitution of the more —— aromatic and heterocyclic ring-systems lies in 
evaluating the energy difference between the mesomeric ground state of the molecule and the 
transition state of a bimolecular reaction process. This transition state is essentially quinonoid, 
and has a considerable degree of bond-localisation. The oxidation—reduction potentials of the 
possible corresponding — or of the formation of the corresponding dihydro-derivatives, 
can be used to give a first approximation to this energy difference, and the most probable 
transition states can consequently be deduced by the direct inspection of quinonoid structures. 

Applications of this correlation between oxidation-reduction potentials and points of arom- 
atic snbstitution lead directly to explanations of (i) the ortho—para ratio in benzene substitution, 
(ii) substitution in the naphthalene series and in icular of 2-substituted naphthalenes, 
(iii) side-chain reactivity a heterocyclic molecules, (iv) the Mills—Nixon effect, and (v) substitu- 
tion of polycyclic aromatic hydrocarbons. é 

Homolytic (i.e., free-radical) substitution is also reviewed, and in this connection semi- 
quinonoid structure is significant. 


SEVERAL features of aromatic substitution, notably (i) variations in the ortho—para ratio, 
(ii) the complete inertness of the 3-position in substances such as B-naphthol and isoquinoline, 
and (iii) the differences between the mode of attack of heterolytic (i.e., ionic or polarised) 
reagents, whether electrophilic or nucleophilic, and homolytic (free-radical) reagents, have 
not yet received a satisfactory interpretation in the light of modern electronic theories though 
it is now more than twenty years since the essential difference between the ortho—para and 
the meta types of benzene substitution was clearly explained by reference to the internal electron 
redistributions which could occur in all aromatic ring systems on the approach of a polar 
reagent. 

Unfortunately, the development of the theory of resonance has tended to obscure the 
original conceptions of Robinson and Ingold (cf. Robinson’s Institute of Chemistry Lectures, 
1932), according to which the electromeric rearrangements which explained the directive 
effects of substituent groups occurred during the course of the substitution reaction, by estab- 
lishing, from dipole moment and other types of physical measurement, that mesomerism in 
the normal states of aromatic molecules does lead, even before any chemical reaction has 
occurred, to an unequal distribution of electron-densities at the different carbon centres in 
any aromatic substance of general type C,H,R, where R is a polar group. Consequently the 
fallacy of assuming that the original British theory of aromatic substitution is but a pictorial 
representation of Pauling’s applications of the resonance theory to evaluate the stable states 
of aromatic ring systems has had the unfortunate effect of retarding advances of the theory 
of aromatic substitution which could have been made some years ago in the light of more 
exact studies of the mechanism of substitution reactions in general. 

In 1941 the author suggeste® (Trans. Faraday Soc., 1941, 37, 772) that the essential differ- 
ence between homolytic (i.e., free-radical) substitution (in which all centres and not merely 
the ortho and para positions are subject to attack) and heterolytic (i.e., polar) substitution 
was to be traced to the fact that whereas an attacking ion (such as NO,*) or a polar reagent 
perturbs an aromatic molecule whilst still at a distance, thus converting it by a tautomeric 
(T 7X ) change into a-transition state which is quite different from the mesomeric stable state, 
a neutral free-radical reagent, having no such polarising influence, attacks the normal aromatic 
molecule. Nevertheless, substitution processes of both types are essentially bimolecular, and 
the correct method of assessing the reactivity at various carbon atoms for any substitution 
process is therefore to estimate the energy difference between the normal state and the trans- 
ition state of the aromatic molecule, as has been attempted by Wheland (J. Amer. Chem. Soc., 
1942, 64, 900), and not merely to evaluate local electron densities for any one structure. Even 
qualitative attempts to consider this energy difference lead to conclusions which help to 
elucidate the unsolved problems enumerated at the beginning of this paper. 

Considering first heterolytic substitution, Hughes and Ingold and their colleagues have 
several times pointed out (cf. J., 1937, 1257; 1941, 608) that in bimolecular aromatic substitution 
the incoming reagent must attack the aromatic ring at an angle from above the plane of 
the ring, displacing the ejected hydrogen atom downwards, as shown in (I). Consequently, 
the carbon atom at the point of attack becomes more nearly aliphatic in type, with a hybridised 
sp-electron structure approaching that of methane, and the consequent electron redistribution 
within the aromatic ring [conventionally represented by Robinson’s curved arrow (/\ ) 
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symbolism] produces a transition state (II) of quasi-quinonoid character, in which the electron 
No,*+ CH=C 


6+ 
6+ NO 
(I.) R=C (II.) 


H=CH 


orbits are much more closely defined than in a normal aromatic molecule. Though it is the 
substituent group, R, which, by its electron-donating or -accepting capabilities determines 
essentially, in the benzene series, whether the transition state shall resemble (II), corresponding 
to para- (or similarly ortho-) substitution, or not (when the group R is electromerically inoper 
ative the transition state involves a polarised C-H bond, as in meta-substitution), the actual 
energy-level of the quinonoid structure (II) with its comparatively localised double bonds 
very largely determines the rate of chemical change. Hence comparisons of the relative 
energy levels of the quinonoid transition complexes will help us in considering relative rates 
of substitution at different points in aromatic molecules. Without venturing into theoretical : 
computations for these structures [which approximate to Wheland’s ‘‘ Type II”’ structures 
(loc. cit.)) we can deduce clear reasons for many features of aromatic substitution by comparison 
with oxidation—reduction potential data for corresponding quinones, following lines already 
suggested, in one restricted field, by Hammick and Mason (J., 1946, 640). Some examples of 
this approach are given below. ‘ 

1. The Ortho—Para Ratio.—It is a significant feature of benzene substitution that para- 
substitution occurs much more easily than it should on a statistical basis, for this should give 
an ortho-para ratio of 2: 1 except in cases of obvious steric hindrance. 

Now the transition state for para-substitution is similar to that of a 1 : 4-benzoquinone 
(III), whilst that for ortho-substitution is similar to that of a 1: 2-quinone (IV), and there 


CH=CH. 
(IIL) R=C H (IV) 


is an oxidation—reduction potential difference of about 0°1 volt between the 1:4- and the 
1 : 2-benzoquinones, which is invariably of such sign that the 1: 4-(or para-)quinonoid state 
has the lower energy content. This potential difference corresponds to an energy difference 
of ca. 4°5 kilocals. in the benzene series, and can clearly be associated with the structural fact 
that the 1: 2-quinones have a large resultant dipole moment, and thus require extra electro- 
static energy for their formation (cf. Waters, J., 1933, 1551). 

The inference to be drawn therefore is that the activation energy needed for the 
formation of the transition complex for para-substitution is significantly less than that 
required for ortho-substitution. Hence preferential para-substitution is to be expected in 

b+ most cases. However variations in the.ortho—para ratio can often be 

CH O associated with the natures of the attacking reagent and the solvent used. 
Z \ # H This is particularly true for nitration and sulphonation reactions of 
phenols, amines, and their derivatives. It seems therefore that chelation 

_ = a — of the attacking group must be taken into account even in the transition 
\ H” Me state. Thus the ortho-nitration of phenol may well be favoured 
a comparatively by the formation of a chelated transition complex such 
(V.) as (V) which can be compared with the transition complex which must 

be formed in the intramolecular Kolbe and Claisen rearrangements of phenol derivatives. 

Again, polar groups in both the ortho- and the meta-positions to the “‘ directing sub- 
stituent ’ would undoubtedly affect the energy levels of the quasi-quinonoid complexes, 
possibly as follows : 


CHX, CH cH 6-H 
NS 
~ 6+ ~ 
\ Yen > 
CH CH 
> 
CH,—C 
reduces net dipole field and slightly favours increases net dipole field and further diminishes 


ortho-substitution with respect to -OH ortho-substitution with respect to -OH 
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Though the available experimental evidence is most scanty (cf. Hollemann, ‘‘ Die Direkte 
Einfiihrung von Substituenten in den Benzolkern,”’ 1910), it tends to support this view. 

2. Naphthalene Substitution.—The oxidation—reduction potential difference of 0-085 volt 
between 1 : 2- and 1 : 4-naphthaquinones accords with the preferential substitution of naphthal- 
ene in the «-position. The quinonoid transition complex conception has more striking results 
when we come to consider the substitution of 6-naphthol. 

The transition state (VIII) corresponds to the structure of 1 : 2-naphthaquinone, whereas 
the state (IX) would have as its equivalent 2 : 3-naphthaquinone, which has never been pre- 
pared. We are justified therefore in saying that the transition state (IX) would require an 
exceedingly high energy of activation, essentially because it disturbs the benzenoid resonance- 
stability of two aromatic rings at the same time, and to this we can ascribe the exclusive 
monosubstitution of 8-naphthol, and its many analogues, in the adjacent 1-position. 

Naturally, substitution in the 5—8 positions in the other ring can occur in naphthalene, 
and also in quinoline and isoquinoline derivatives (to instance but a few) without the formation 
of a 2: 3-quinonoid complex. In structure (VIII) we may presume that the unsubstituted 


O—H 


x 
OY 


ring can still retain very closely the low energy level of normal benzene. If, however, we 
consider possible modifications of both rings, then the amphi-quinonoid structure also repre- 
sents a transition state of lower energy than (IX), and indeed the disubstitution of 8-naphthol’ 
occurs in the 6-position. Again, 2-methylnaphthalene sulphonates in the 6-position. To 
quote Fieser and Fieser (‘‘ Organic Chemistry,”’ 1944, p. 773): ‘‘ the amphi position exerts a 
definite control over the course of the heteronuclear substitution.” 

3. Reactivity in the Quinoline, isoQuinoline, and Thiazine Series—In many papers Mills 
and his colleagues have related the activity of substituent methyl groups in quinoline, iso- 
quinoline, and thiazole to the ease of formation of methylene bases from the corresponding 
quaternary salts (cf. Mills and Raper, J., 1925, 127, 2466). These methylene bases have, of 
course, quinonoid structures, but, even if we presume that this side-chain reactivity requires 
only the production of a transition state, the many striking differences between the reactive 
and the non-reactive positions in substituted heterocyclic bases (cf. Mills and Smith, J., 1922, 
121, 2724) become obvious. 

Bond fixation, or variations in local electron-density in the normal structures of hetero- 
cyclic systems (cf. Dewar, Trans. Faraday Soc., 1946, 42, 764, 767; Longuet-Higgins and 
Coulson, ibid., 1947, 43, 87) are of significance only in so far as they give a clue to the ease of 
the initial polarisation of such molecules on the approach of an electric charge. This neces- 
sarily occurs before the quasi-bonded transition state (which involves sp*-hybridisation) is 
formed, and, since an easily polarised state usually indicates an ensuing transition state of 
relatively low energy level, these calculations, when they can be made, which is unfortunately 
but seldom, are of great value. 

Direct visualisation of the transition state is not only pictorially more explicative to the 
organic chemist but is a process which is capable of direct experimental application, for we 
can easily measure both the oxidation—reduction potentials of the relevant quinolines and those 
of the equilibria between the heterocyclic bases and their dihydro-derivatives, and thereby 
obtain cogent figures for comparing with the relative reactivities of different classes of hetero- 
cyclic bases towards polar substituting agents. Without proceeding thus far, we can already 
note as the inactive positions in heterocyclic systems those which would involve transition 
states analogous to that of the unknown 2 : 3-naphthaquinone. 


b+ 
H 


(X.) (XI) (XII) 


A comparison between pyrrole and indole is cogent in this connection. Pyrrole substitutes 
preferentially in the a-position, which, as Robinson (loc. cit.) has pointed out, is reached by 
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an electron redistribution analogous to that which occurs on para-substitution (XII). Indole, 
in contrast, substitutes preferentially in the @-position, by attack of the same reagents which 
substitute pyrrole in the «-position. As (X) and (XI) indicate, the 8-substitution of indole 
does not involve electron-redistribution in the benzene ring, though this is necessary for 
a-substitution. 

4. The Mills—Nixon Effect (cf. J., 1930, 2510).—The differences between the positions of 
bromination, and of coupling with diazo-compounds, of 5-hydroxyindane and ar-tetrahydro-8- 
naphthol are essentially differences of chemical reactivity, and not of chemical structure, 
though the dipole moment difference between dibromoindane and dibromotetralin is structural 
(Sidgwick and Springall, J., 1936, 1532). As Longuet-Higgins and Coulson have pointed out 
(Trans. Faraday Soc., 1946, 42, 756) we can only find evidence for the reactivity difference 
(which is indeed most pronounced) by considering that the transition complexes (XIII) and 
(XIV) have lower energy contents than (XV) or (XVI). This becomes equivalent to Mills’s 


H--; 

(XIII.) (XIV.) (XV.) (XVI.) 


original viewpoint of bond-fixation, but it is bond fixation of the quinonoid state and not of 
the benzenoid state. In this connection we do know from X-ray data that the valency angles 
of the quinones are not identical with those of benzene, and that quinonoid molecules have 
a considerable degree of rigidity. Even a slight bond-deformation is bound to have a con- 
siderable effect on the oxidation—reduction potential of a quinone. 

5. Substitution of Higher Hydrocarbons.—The prediction of the points of substitution of 
the polycyclic aromatic hydrocarbons from consideration of the ‘‘ partial double-bond char- 
acter’ of the hydrocarbon itself is almost impossible, but it may be noted that in complex 
molecules, such as phenanthrene, chrysene, pyrene, and perylene, the usual polar substituting 
agents always attack the molecules at the same points as those which are converted into car- 
bonyl groups in the most stable quinones which can be derived from these hydrocarbons by 
oxidation. These same points are also attacked first by reducing agents, so that in the hydro- 
carbons themselves bond-fixation of the same type occurs in the transition states developed by 
both cationoid and anionoid attack. Fries’s rule (Annalen, 1927, 454, 121) relating the stability 
of the quinonoid states of these higher aromatic hydrocarbons to the maximum number of 
Kekulé benzenoid rings which can be developed, does in fact involve the assumption of bond 
fixation in quinones. It may therefore be used as a guide to the position of substitution of 
polycyclic aromatic hydrocarbons. 

Homolytic reactions, involving substitution by free neutral radicals, require somewhat 
different treatment. Since Wheland (loc. cit.) and others have attempted calculations on the 
totally unjustified assumption that free-radical substitution is always ortho—para, it is im- 
portant first to recapitulate the facts. First, in no case is the reaction simple, so much so 
that the total isolated yield of primary substitution products from a free-radical substitution 
has seldom, if ever, been recorded as being over 40%. On account of the experimental diffi- 
culty of handling such reaction products, it has regularly happened that the less soluble, and 
much more crystallisable, para-substitution products have been isolated with comparative 
ease, whereas the other isomers, though probably present, have not been identified. The only 
available figures given for reaction yields (chiefly for reactions with pyridine, cf. Hey e¢ al., 
J., 1940, 349) are too variable to warrant more than the conclusion that all possible isomers 
may be formed in comparable amounts (cf. Hey, Aun. Reports, 1940, 37, 282). 

Secondly, the rate of reaction is very fast with all the aromatic and heterocyclic substances 
that have yet been tested. The observed rates of reaction, for reactions involving diaroyl 
peroxides or aromatic diazo-compounds, are in fact the rates of free radical formation and not 
of radical substitution. However, the experiments of Fieser and his colleagues (J. Amer. 
Chem. Soc., 1942, 64, 2053, 2060) with free alkyl radicals indicate that quinones and aromatic 
nitro-compounds are substituted more easily than is benzene itself. Though these compounds 
can be attacked quite easily by anions (e.g., OH-, NH,-), free-radical substitution and sub- 
stitution by anionoid reagents are not comparable, because free radicals are electrophilic and 
not nucleophilic reagents. There is, for instance, quite a difference between the free radical 
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substitution of pyridine in all three positions and the reaction of pyridine with sodamide which 
yields only the «-substituted product. 

It is already evident that two types of homolytic substitution of aromatic systems must 
be considered : (a) attack on hydrogen : 


€.8., Ph: + H-C,H,Cl Ph-H *C,H,Cl, etc. 


which may, or may not, lead to the formation of biaryls characteristic of the initial radical, 
and (b) attack on nuclear carbon, as in the formation of a phenylpyridine from phenyl radicals 
and pyridine. 
In type (a) reactions the transition state is a linear one with respect to the C—H bond 
of the aromatic molecule, and may never perturb seriously the benzenoid resonance-structure 
of the aromatic ring. Thus substituent groups in the attacked aromatic molecule (C,H,Cl 
in the example quoted) would not be expected to influence very much the ease of radical attack 
on any individual C—H bond. Type (a) reactions should therefore proceed at approximately 
the same rate not only in all (ortho, meta, and para) orientation positions in any one aromatic 
or heterocyclic compound, but also at the various C—H bonds in different aromatic molecules. 
Type (b) reactions do, however, perturb the electron-distributions within aromatic and 
heterocyclic rings much more seriously. The spatial arrangement of the radical—molecule 
complex is probably close to that of (I), and there will be some degree of bond localisation— 
rather like that of (II) but without the fractional polar charges—since the transition state is 
now a semi-quinone. Wheland has indicated that the redistribution of but one electron should 
lead predominantly to ortho—para reactivity even in nitrobenzene and pyridine. It will 
undoubtedly be difficult to check this calculation, though already preparative experiments 
indicate a predominance of para-product in the radical substitution of nitrobenzene and of 
ortho-substitution in the case of pyridine. However, it is already evident that the consider- 
ation of semi-quinonoid structures is important. Semi-quinones usually have such high 
energy levels that two-electron changes occur preferentially (as in most examples of the polaro- 
graphic reduction of organic compounds), but nevertheless the reductions of many quinones 
and heterocyclic bases have been shown to be two-stage processes, involving semi-quinonoid 
radicals. These substances are certainly those which are attacked most easily by alkyl radicals 
derived from diacyl peroxides. Again, the action of nitrobenzene and nitrothiophen (Price, 
J. Amer. Chem. Soc., 1943, 65, 757, 2380) in retarding radical-chain polymerisation has been 
ascribed to the facility of producing a radical—molecule adduct of comparatively low energy- 
level. When it becomes possible to investigate the substitution reactions of free radicals 
which have less intrinsic energy than free phenyl or free methyl, but more available energy 
than triphenylmethyl, we may well find that the points of chemical reactivity are those which 
will lead to the production of the most stable semi-quinones. Though it is pure speculation, 
it would be interesting to know whether the unusual metabolic hydroxylations of 1 : 2: 5: 6- 
dibenzanthracene and of 3: 4-benzpyrene could in this way be classified as homolytic pro- 
cesses, for it does not by any means follow that the most stable semi-quinonoid structure 
derivable from a polycyclic hydrocarbon corresponds to the most stable quinonoid structure. 


.. I have to thank several of my Oxford colleagues for their helpful comments on the applicability of 
these views. 
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144. The Condensation of Benzamidine with «-Diketones. 
By J. W. Cornrortu and H. T. Huvane. 


An inquiry into the nature of a substance described as 2-phenyl-4-methyliminazole has led 
toa general examination of the subject indicated in the title. 


It has been reported by Diels and Schleich (Ber., 1916, 49, 1711) that benzamidine hydro- 
chloride and diacetyl in aqueous solution with sodium acetate gave the hydrochloride of an 
addition product, C,,H,,0,N,, formulated as (I); this lost water when heated with hydro- 
chloric acid, and gave the hydrochloride of a new base, C,,H,,ON,. The structure (II) was 
ascribed to this base; its oxidation with nitric acid led to a pseudo-acidic substance having the 
reactions of an aldehyde or ketone. Since such a substance could not be derived from (II) 
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without a rearrangement, the structure (III) was proposed, together with the following mechanism 
of oxidation : 


H 
—CMe —> H, —> —*—CH, —> —C=CH-OH 
While there seemed no reason to doubt that the adduct C,,H,,0,N, was correctly formulated 
as (I), it appeared likely that this substance on dehydration would tend to form the stabilised 


iminazole nucleus. A primary dehydration product might well be (IV), anionotropic rearrange- 
ment of which would furnish 2-phenyl-5-methyl-4-hydroxymethyliminazole (V). 


H H 
\ 
(L.) (IL.) (III) (IV.) 


If this were the structure of the base C,,H,,ON,, its oxidation would be a straightforward 
process leading to 2-pheny]l-5-methyliminazole-4-carboxyaldehyde (VI). The known iminazole-4- 
aldehyde is not reported to be pseudo-acidic, but in the case of (VI) there should be marked 
stabilisation of the anion by distribution of the negative charge over both rings. It is probably 
not necessary to write the aldehyde in the tautomeric form (III); the normal state of the 
molecule may well be a (hybridised) dipolar form of (VI). 

Diels and Schleich (loc. cit.) heated the base C,,H,,ON, in ethyl malonate, whereby it was 
converted into a substance, m. p. 293°, formulated as 2-phenyl-4-methyliminazole (VII). We 
had prepared, by methods to be reported later, a substance which was undoubtedly (VII), and 
it was this circumstance which drew our attention to the work of Diels and Schleich; for our 
substance had no resemblance to the product, m. p. 293°, but rather appeared to be identical 
with the 2-phenyl-4-methyliminazole (m. p. 181—182°) of John (Ber., 1935, 68, 2290). It may 
be mentioned that the compound, m. p. 159°, prepared by Lewy (ibid., 1888, 21, 2192), and 
reported in Beilstein’s ‘‘ Handbuch” (3rd ed.; Vol. 27, 58) as (VII), is clearly 4-phenyl-2- 
methyliminazole (VIII). 


Ph: a Ph Me Me Med! Ph 

(V.) (VI.) (VIL.) (VIIL.) 

The high melting point and low solubility of the product, m. p. 293°, suggest that it may be 

a dimer such as (IX); other structures of the di-iminazolyl or di-iminazolylmethane type are 

not, however, excluded, as their composition is not greatly different. The low value for the 


molecular weight as determined cryoscopically in phenol may well be due to salt formation by 
one of the two basic centres in a molecule of type (IX). 


poll mol en pal 
H H 
(IX.) (X.) 


The essential parts of the experimental work of Diels and Schleich have been repeated and 
confirmed. It was found that on catalytic hydrogenation of the aldehyde C,,H,,ON,, the basic 
alcohol C,,H,,ON, was regenerated. Since the structure (II) could only arise from reduction 
of (III) by a mechanism as strange as that proposed for the reverse process of oxidation, the 
formulation of the basic alcohol as (V) could be regarded as established, provided that the alcohol 
was indeed a hydroxy-derivative of 2-phenyl-4 : 5-dimethyliminazole (X). This point was 
cleared up by Clemmensen reduction of the aldehyde, which gave (X) in low yield, and also 
by conversion (thionyl chloride) of the basic alcohol into 2-phenyl-5-methyl-4-chloromethyl- 
iminazole hydrochloride (X1), which was smoothly reduced to (X) by zinc dust and acetic acid. 

The specimen of (X) for comparison was prepared by zinc dust-acetic acid reduction of 
‘ 2-phenyl-4 : 5-dimethyldioxydihydroiminazol ”’ (Diels, Ber., 1918, 51, 965; Diels and Salomon, 
ibid., 1919, 52, 51). We consider that this substance (obtained from diacetyl-monoxime, 
benzaldehyde, and ammonia) is to be regarded as a hydrate of the N-oxide (XII) rather than 
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the hydroxylamine (XIII) (cf. Cornforth, J., 1947, 96); the identity of the reduction product is 
not, however, in doubt. 


pl five” Pat 
bd 
(XIL.). (XIII.) 


Attempts to synthesise (V) or one of its derivatives from 2-phenyl-4-methyliminazole were 
unsuccessful. No useful products were obtained by the action of formaldehyde, formaldehyde- 
hydrogen chloride, or N-methylformanilide-phosphoryl chloride. Evidently the phenyl 
group deactivates the iminazole nucleus. It was found that the aldehyde (VI) could not be 
oxidised smoothly to the corresponding carboxylic acid; this behaviour is also characteristic 
of iminazole-4-carboxyaldehyde. 

Since a simple and general synthesis of 4-hydroxymethyliminazoles could be of considerable 
importance for the preparation of histidine and its analogues, the condensation of benzamidine 
hydrochloride and methylglyoxal was studied. When the reactants were mixed in aqueous 
solution (best in the presence of a little potassium hydroxide) a crystalline hydrochloride 
separated which after recrystallisation from dilute hydrochloric acid gave no precipitate with 
phenylhydrazine acetate and appeared to be the hydrochloride monohydrate of a base 
C19H,,ON,, for on treatment with aqueous sodium picrate the picrate of the anhydrous base 
was obtained. The base itself was prepared by the action of potassium carbonate on the 
hydrochloride. It appeared that if a compound analogous to (I) was produced it had suffered 
dehydration under the conditions of the experiment. The product, however, was not 2-phenyl- 
4-hydroxymethyliminazole, for on hydrolysis with either acid or alkali it yielded benzoic acid, 
ammonia, and an a-amino-acid (evidently alanine). The substance was therefore 5-keto- 
2-phenyl-4-methyl-4 : 5-dihydroiminazole (XIV) apparently produced by simple dehydration of 
a glycol of type (I). The identity of the substance was confirmed by synthesis from benzimino- 
methyl ether and di-alanine ethyl ester (cf. Finger, J. pr. Chem., 1907, 76, 24). Among the 
derivatives prepared for comparison was the nicely crystalline monoacetyl compound; this was 
sufficiently basic to dissolve in dilute acetic acid and to form a picrate, and was therefore most 
probably 5-acetoxy-2-phenyl-4-methyliminazole (XV). 


(XIV.) (XV.) (XVI) 


Attention was directed to a series of papers by Ekeley, Ronzio, and their collaborators 
(J. Amer. Chem. Soc., 1935, 57, 1353; 1936, 58, 163; 1937, 59, 1118) in which the addition 
product benzamidine—glyoxal was studied. Our experience with methylglyoxal and the internal 
evidence of these papers led to the conclusion that the compounds produced by condensing 
benzamidine-glyoxal with aromatic aldehydes were probably 5-keto-2-phenyl-4-arylidene- 
4 : 5-dihydroiminazoles (XVI) ; and the few simple experiments necessary to test this hypothesis 
had already been carried out before it was discovered that the American workers (Williams, 
Symonds, Ekeley, and Ronzio, ibid., 1945, 67, 1157) had eventually reached and established 
this conclusion themselves, having been guided by some experiments on the condensation of 
phenylglyoxal with benzamidine and with urea (Fisher, Ekeley, and Ronzio, ibid., 1942, 64, 
1434; Waugh, Ekeley, and Ronzio, ibid., p. 2029). 

We chose phenyl-benzylidene-, -p-methoxybenzylidene- and -furfurylidene-iminazolones as 
the test substances, for these three iminazolones had been prepared from the corresponding 
oxazolones by Erlenmeyer (Annalen, 1904, 337, 266, 280, 298), and the decomposition points 
given by him for all three differed from the melting points given by Ekeley and Ronzio (J. Amer. 
Chem. Soc., 1935, 57, 1353). Erlenmeyer’s method was slightly modified to bring the isolation 
procedure into line with that of Ekeley and Ronzio, and the three iminazolones were compared 
with the products obtained from benzamidine—glyoxal and the appropriate aldehydes. The 
identity of the two series was established directly by mixed melting point; decomposition was 
slight except in the furfurylidene derivatives. In no case was an appreciable difference in 
melting point observed between an iminazolone prepared by Erlenmeyer’s method and the 
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corresponding substance from benzamidine-glyoxal. This contrasts with the statement of 
Williams e¢ al. (loc. cit.) that the melting point of phenylbenzylideneiminazolone varies according 
to the method of preparation. We were unable to confirm the melting points given by Ekeley 
and Ronzio for any of the three substances prepared by their method. 


R 

(XVIL.) aux). 


The general structure (XVII) rather than (XVIII) has been ascribed by Ekeley and Ronzio 
to the addition products of benzamidine with glyoxal and with diacetyl; ultra-violet absorption 
curves were given which were claimed to support this view. These curves, which are merely 
end absorptions showing no characteristic maximum, can hardly be used in support of either 
interpretation; nor is the fact that the addition reaction is reversible of any significance in 
deciding between the two formule. There are two pieces of evidence available which support 
structure (XVIII), at least for the diacetyl adduct. First, Diels and Schleich (loc. cit.) prepared 
a benzylidene compound from this adduct which from its composition and properties would 
seem to be (XIX). Secondly, when one of the carbonyl groups in diacetyl was blocked, as in 
diacetyl monoxime (Ekeley and Elliott, J. Amer. Chem. Soc., 1936, 58, 163), the addition 
compound had the composition 2 molecules of oxime : 1 molecule of benzamidine. Neither of 
these facts is decisive but both are significant. 


EXPERIMENTAL. 


2-Phenyl-5-methyl-4-hydroxymethyliminazole (V).— according to the procedure of Diels and 
Schleich (loc. cit.), this product after 2 recrystallisations from methanol formed clusters of shiny prisms, 
m. p. 204° (Found : C, 69-9; H, 6-3. Calc. for C,,H,,ON,: C, 70-2; H,6-4%). The picrate crystallised 
from methanol in light yellow prisms, m. p. 181° (Found : C, 48-8; H, 3-6; N,16-7. C,,H,,ON,,C,H,0,N, 
requires C, 48-9; H, 3-6; N, 16-8%). 

2-Phenyl-5-methyliminazole-4-carboxyaldehyde (V1).—Oxidation of the foregoing alcohol with nitric acid 
(Diels and Schleich, Joc. cit.) gave the aldehyde monohydrate, m. p. 108°. The 2: 4-dinitrophenyl- 
hydrazone crystallised from pyridine in tiny dark red rhombs (decomp. at 310°) (Found: C, 55-8; H, 
4:0. C,,H,,0,N, requires C, 55-4; H, 4:3%). 

Hydrogenation of (V1).—The aldehyde monohydrate (1 g.) and a trace of ferric chloride were dis- 
solved in methanol (15 c.c.) and hydrogenated at room temperature and pressure, using platinum oxide 
catalyst (50 mg.) until 1 mol. of hydrogen had been absorbed. The filtered solution on concentration 
gave lata teas eae (VII), m. p. and mixed m. p. 203—204° after 2 crystallisations from 
methanol. 

Clemmensen Reduction of (V1).—The monohydrate (2 g.) and amalgamated zinc (5 g.) were refluxed 
vigorously in concentrated hydrochloric acid (7 c.c.) for 24 hours, with addition of fresh acid (1 c.c.) at 
6-hour intervals. The clear solution was precipitated with ammonia, and the resulting solid repre- 
cipitated from solution in 2N-hydrochloric acid by ammonia, dried, and sublimed at 160—200°/1 mm. 
The sublimate on crystallisation from aqueous ethanol gave small white prisms (150 mg.), m. p. 236°, 
raised to 241° by further sublimation and crystallisation. The mixed m. p. with 2-phenyl-4 : 5-dimethyl- 
iminazole was 240—241°. 

2-Phenyl-4-methyl-5-chloromethyliminazole Hydrochloride (X1).—Thionyl chloride (5 c.c.; pure) was 
added cautiously to a suspension of 2-phenyl-5-methyl-4-hydroxymethyliminazole (2 g.) in dry benzene 
(5 c.c.). Refluxing was continued for 20 minutes after the initial reaction had subsided. The mixture 
was evaporated under reduced pressure, and the evaporation twice repeated after addition of fresh 
benzene (5 c.c. each time). The residue was dissolved in ethanolic hydrogen chloride (20 c.c. of 10%) 
and dry ether (20 c.c.) added; the iminazole hydrochloride then ted as a white powder (2-3 g, 
m. p. 182—183° after drying in a vacuum over phosphoric oxide (Found: C, 54-5; H, 5-3; Cl, 28-3. 
C,,H,,N,Cl,HCI requires C, 54-3; H, 5-0; Cl, 29-2%). 

Reduction of the (XI).—The foregoing hydrochloride (0-5 g.) was dissolved in acetic acid (6 c.c.), 
and zinc dust (0-8 g.) added gradually with shaking. When the evolution of gas seemed to have 
stopped the mixture was refluxed for 6 hours. The product (200 mg.) was isolated and purified as 
described in the succeeding experiment, giving 2-phenyl-4: 5-dimethyliminazole, m. p. 240—241° 
undepressed by admixture with authentic material. 

2-Phenyl-4 : 5-dimethyliminazole (0) .—This base was prepared by ees slightly the conditions 
given by Diels (Ber., 1918, 51, 965). ‘“‘ 2-Phenyl-4: 5-dim ethyldioxydih iminazol ’’ (16 g.) mixed 
with zinc dust (30 g.) was treated cautiously with glacial acetic acid (60 c.c.). After refluxing vigorously 
for 6 hours the solution was filtered hot, diluted with an equal volume of water, and evaporated under 
reduced pressure. The syruPy residue was dissolved in water, and the iminazole (11 g.; m. P: 230— 
235°) Sa by addition of excess of ammonia. Purification by sublimation (160—200°/1 mm.) 

ve shiny prisms, m. P: 241° (Diels and Salomon, Joc. cit., gave m. p. 242°) (Found: C, 76-9; H, 7-2; 
, 16-3. Calc. for C,,H,,N,: C, 76-7; H, 7-0; N, 16-3%). 
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Condensation of Benzamidine Hydrochloride with Methylglyoxal.—Methylglyoxal (4 c.c.; crude, 
undistilled, acetone-free product prepared according to Riley, J., 1932, 1875) was added to a solution 
of benzamidine hydrochloride (5 4 in water (15 c.c.). Potassium hydroxide (2 c.c. of 2N) was drop 
into the mixture, which after thorough shaking was left overnight in a refrigerator. The crystalline 
solid was collected and dissolved in a minimum amount of 2n-hydrochloric acid. After removal of 
some coagulated selenium by filtration the cooled solution deposited the hydrochloride monohydrate of 
5-keto-2-phenyl-4-methyl-4 : 5-dih iminazole (2-6 g.) as clusters of i thin needles, m. p. 170— 
172° after softening at 130° (Found: C, 53-0; H, 5-8; N, 12-0; Cl, 15-7. C, 9H,,ON,,HCI,H,O requires 
C, 52-7; H, 5-5; N, 12-3; Cl, 15-6%). On addition of aqueous sodium picrate to a solution of the 


hydrochloride the iminazolone picrate was deposited; it from water-ethanol in light 
yellow silky needles, m. p. 169—171° (Found: C, 47-6; H, 3-25; N, 17-9. Cy 9H,ON,,C,H,O,N, 
requires C, 47-7; H, 3-25; N, 17-4%). Heating the hydrochloride monohydrate in 10% hydrochloric 
acid we pape as long as 14 hours produced no change in the composition of the product which 
separated on cooling. 


The hydrochloride monohydrate (0-5 g.) was heated with acetic anhydride (1-5 c.c.) on a steam-bath 
for 20 minutes. After cooling, concentrated aqueous ammonia was added; an oil separated and soon 
crystallised. Recrystallisation from benzene gave the 1 derivative [probably (XV)]; massive 
shining rhombs (0-47 g.), m.p. 170—172° (Found: C, 66-4; H, 5-5; N, 13-0. C,,H,,0,N, requires 
C, 66-6; H, 5-6; N, 13-0%). The substance developed a smell of acetic acid when kept in air. . 

The hydrochloride monohydrate (2-1 g.) was suspended in aqueous potassium carbonate (10 c.c.; 
saturated) and warmed on a steam-bath with vigorous stirring. The oil which a gradually 
solidified; the light brown granular solid after trituration was collected and washed with a little cold 
water (yield, 1-2g.). Recrystallisation from benzene gave 5-hketo-2-phenyl-4-methyl-4 : 5-dihydroiminazole 
(XIV) in small rhombs, m. p. 167—168° raised to 170° by sublimation at 160°/15 mm. and recrystallis- 
ation from benzene (Found: C, 69-3; H, 5-7; N, 16-3. C, 9H,,ON, requires C, 69-0; H, 5-8; N, 
16-1%). The compound was easily soluble in chloroform and ethanol, moderately so in water, less so 
in benzene. It gave with aqueous silver nitrate a white precipitate which rapidly darkened ; no coupling 
was observed with diazobenzenesulphonic acid in sodium carbonate solution. 

Degradation and Synthesis of the Iminazolone (XIV).—An attempt at reduction led to hydrolysis. 
The free base (0-5 g.) was refluxed with a acid (2-7 c.c. of 85%), red phosphorus (0-2 g.), 
potassium iodide (0-06 g.), and watet (0-3 c.c.) for 6 hours. On cooling, benzoic acid separated; it was 
removed by ether extraction and identified. The — acid solution was filtered from phosphorus 
and made strongly alkaline with sodium hydroxide (2N). On warming, ammonia was evolved; it was 
boiled off and a portion of the residual liquor brought to pH 7 and warmed with a few crystals of 
ninhydrin. A deep purple colour was developed. Essentiall 'y the same result was obtained by heati 
the iminazolone with 20% potassium hydroxide. Oxidation of the iminazolone with 10% nitric ac: 
also gave benzoic acid and ammonia. 

Benziminomethyl ether (5-8 g.) and di-alanine ethyl ester (5-03 g.), both freshly distilled, were 
mixed. After 25 hours at room temperature the crystalline — was ground well with benzene and 
collected (4-8 g.). A further quantity (2-4 g.) separated during 3 weeks from the benzene filtrate. 
Recrystallisation from benzene gave the iminazolone (XIV), m. p. 170° undepressed by admixture 
with the benzamidine—methylglyoxal product (Found : C, 69-0; H, 5-7. Calc. for C,,H,,ON,: C, 69-0; 
H, 58%). The picrates and acetyl derivatives were also compared and showed no differences. 

Condensation of Benzamidine-Glyoxal with Aldehydes.—A satisfactory polyglyoxal nt pe yoann was 
obtained by oxidising paraldehyde with dilute nitric acid in the known manner, removal of excess of 
nitric acid by 2 or 3 evaporations with water, neutralisation of the slightly diluted residue by calcium 

te, precipitation of calcium salts by alcohol, and evaporation of the alcoholic filtrate to a thick 
syrup. The condensation with benzamidine was carried out according to Ekeley and Ronzio (loc. cit.) ; 
equally good results were, however, obtained when a solution of potassium hydroxide equivalent in 
amount to the benzamidine hydrochloride was added all at once, with good stirring. The benzamidine- 
glyoxal was condensed with benzaldehyde, with anisaldehyde, and with furfuraldehyde according to 
the general direction of the American authors, and the products purified by precipitation with acetic 
acid from alcoholic alkaline solution, followed by rnndies tion from butyl acetate. The purification 
treatment did not in any case raise the m. p. more than 2—3°. 

The iminazolones were obtained by dissolving the corresponding oxazolone (0-5 g.) in dioxan (2 c.c.) 
and warming with aqueous ammonia (1 c.c.; d@ 0-88). A clear solution was obtained after about a 
minute; most of the ammonia was then boiled off and potassium hydroxide (0-5 g.) added. After 
boiling for 30 seconds the solution was diluted with alcohol to 10 c.c. and acidified with glacial acetic 
acid; the iminazolone then crystallised out. The iminazolones were purified as described above, their 
melting points changing even less than before. The melting points were taken with a freshly calibrated 
thermometer; the same values were found in an electrically heated block as in a paraffin bath. The 
following m. were found for iminazolones by either method: 2-phenyl-4-benzylidene-, 
272—273° ; phenyl-4-p-methoxybenzylidene-, 289—290°; 2-phenyl-4-furfurylidene-, 266—267°. 
There was no depression of m. p. on mixing corresponding members of the two series. 


The authors’ thanks are due to the British Council for enabling one of them to take part in this 
investigation. 

Dyson Perrins LABORATORY, OXFORD UNIVERSITY. 

Nationa INSTITUTE FOR MEDICAL RESEARCH, HAMPSTEAD. [Received, June 2nd, 1947.) 
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145. Methyl Derivatives of 1:4: 5: 8-T'etra-aminoanthraquinone. 
By R. H. Hatt and D. H. Hey. 


The synthesis of 4 : 8-diamino-1 : rere e and of 4 : 5-diamino-1 : 8-bismethylamino- 
peers oe ey , and the attempted synthesis of 1 : 4: 5 : 8-tetrakismethylaminoanthraquinone, 
are 


THE mixture of compounds obtained from the partial methylation of 1:4: 5: 8-tetra- 
aminoanthraquinone with methanol and sulphuric acid at 140° is stated to possess better 
dyeing properties for cellulose acetate rayon than does the original tetra-aminoanthraquinone 
(B.P. 391,859). Although these superior properties may be due to the mixture of very closely 
related compounds rather than to any one particular constituent, it was considered of interest 
to examine some of the more probable constituents in order to determine whether any one of 
them possessed outstanding characteristics, and also to obtain reference compounds for use in 
any attempted separation of the mixture into its constituents. Under the conditions used it is 
not considered that dimethylation of any one nitrogen atom would result (cf. D.R.-P. 288,825), 
and it is therefore necessary to consider only those derivatives of 1: 4:5: 8-tetra-amino- 
anthraquinone in which not more than one methyl group is attached to any single nitrogen atom. 

Six such compounds can exist, namely, 4: 5: 8-triamino-l-methylamino-, 5 : 8-diamino- 
1: 4-bismethylamino-, 4 : 8-diamino-1 : 5-bismethylamino-, 4 : 5-diamino-1 : 8-bismethylamino-, 
8-amino-1 ; 4: 5-trismethylamino-, and 1:4: 5: 8-tetrakismethylamino-anthraquinone. Of 
these, 4 : 8-diamino-1 : 5-bismethylamino- and 4 : 5-diamino-1 : 8-bismethylamino-anthraquinone 
are probably formed on the methylation of 4 : 8-dinitro-1 : 5-diamino- and 4 : 5-dinitro-1 : 8- 
diamino-anthraquinone respectively with formaldehyde and formic acid followed by reduction 
with sodium sulphide (B.P. 282,853), although the actual identity of the products is not stated 
and neither melting points nor analytical data are recorded. 1:4: 5: 8-Tetrakismethylamino- 
anthraquinone is described in B.P. 442,726 as a dark blue crystalline solid, m. p. 308—310°, which 
was obtained by heating 4: 8-diamino-1 : 5-dimethoxyanthraquinone with methylamine in 
ethanol at 180° for 5 hours. It is stated that the constitution of this compound as the 
tetrakismethylaminoanthraquinone is indicated by analysis, but no figures are recorded. This 
compound is possibly formed through 8-amino-] : 4 : 5-trismethylaminoanthraquinone, which 
would show analytical figures very similar to those of the tetra-methylated compound. The 
same tetrakismethylaminoanthraquinone was described many years earlier (D.R.-P. 144,634) 
as a product of the action of methylamine on 4: 8-dinitro-1 : 5-dichloroanthraquinone in 
pyridine at 160—170°, but again no melting point or analytical data were recorded and the 
product may have been a mixture. 4:5: 8-Triamino-l-methylamino-, 5 : 8-diamino-1 : 4- 
bismethylamino-, and 8-amino-1 : 4 : 5-trismethylamino-anthraquinone have not been previously 
described. Of these six methyl derivatives of 1 : 4 : 5: 8-tetra-aminoanthraquinone a successful 
synthesis of both 4: 8-diamino-1 : 5-bismethylamino- and 4 : 5-diamino-1 : 8-bismethylamino- 
anthraquinone was achieved before the work was interrupted by the war. 

4 : 8-Diamino-1 : 5-bismethylaminoanthraquinone (IV) was synthesised by the sequence of 
reactions represented below : 


NHMe 
\ Br, 
(I.) (IL.) 
Me-C,H,SO,NH, 
NHMe 
H,SO, W 
(III.) 
41-S0,-C,H Me 


The bromination of 1: 5-bismethylaminoanthraquinone (I) has been previously described 
(D.R.-P. 164,791), but preparations carried out by this published method gave only moderate 
yields of a product which proved difficult to purify and contained both unchanged material 
and amonobromo-compound. The required dibromo-compound (II) was eventually obtained in 
80% yield by bromination in nitrobenzene solution in presence of sodium acetate. Condensation 
of (II) with -toluenesulphonamide gave 4 : 8-bis-p-toluenesulphonamido-1 : 5-bismethylamino- 
anthraquinone (III) as a dark blue crystalline solid in over 90% yield, which on hydrolysis with 


| 
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95% sulphuric acid gave 4 : 8-diamino-1 : 5-bismethylaminoanthraquinone (IV) in theoretical 
ield. 

™ The 1 : 5-bismethylaminoanthraquinone (I) used as starting material in the above synthesis 
was obtained from anthraquinone-1 : 5-disulphonic acid and aqueous methylamine as described . 
by Schmidt (Ber., 1904, 837,70). Attempts were made to prepare (I) by the action of methylamine 
on the readily available 1 : 5-dichloroanthraquinone as mentioned in D.R.-P. 144,634, but on 
heating 1 : 5-dichloroanthraquinone for seven hours at 100° with a solution of methylamine in 
pyridine the product, obtained in good yield, was 5-chloro-1-methylaminoanthraquinone, which 
on acetylation gave 5-chloro-1-acetmethylamidoanthraquinone. 

A possible alternative synthetic route to 4: 8-diamino-1 : 5-bismethylaminoanthraquinone 
(IV) is suggested by the nitration of 1 : 5-bismethylaminoanthraquinone to give the 4 : 8-dinitro- 
derivative, as claimed in D.R.-P. 156,759, followed by reduction of the nitro-groups. Attempts 
to repeat the nitration of 1 : 5-bismethylaminoanthraquinone gave only a tetranitro-derivative 
(or mixture of tetranitro-derivatives), which decomposed at 220° with explosive violence, and, 
on reduction with sodium sulphide, gave a blue solid from which no pure compound could be 
isolated. Yet a third possible alternative route to (IV) is provided by the methylation of 
4; 8-dinitro-1 : 5-diaminoanthraquinone with formaldehyde and formic acid followed by 
reduction of the nitro-groups (B.P. 282,853). The attempted repetition of this process gave a 
product which appeared to contain mainly 1: 4: 5: 8-tetra-aminoanthraquinone, and no (IV) 
was obtained. 

4 : 5-Diamino-1 : 8-bismethylaminoanthraquinone (VIII) was synthesised from 1 : 8-dichloro- 
anthraquinone which on being heated for seven hours at 180° with methylamine in pyridine 
gave 1 : 8-bismethylaminoanthraquinone (V). Bromination of the latter in nitrobenzene solution 
gave 4: 5-dibromo-1 : 8-bismethylaminoanthraquinone (VI), which on being heated with 
p-toluenesulphonamide gave 4 : 5-bis-p-toluenesulphonamido-1 : 8-bismethylaminoanthraquinone 
(VII) in over 90% yield; this in turn was hydrolysed to give (VIII) in theoretical yield. 


Me-NHQ NHMe MeNH NHMe 
\ Vi 


Me-NH NHMe 

\ 
(VII.) 
H-SO,°C,H,Me 


The preparation of 1 : 8-bismethylaminoanthraquinone (V) from 1 : 8-dichloroanthraquinone 
and from 1: 8-dinitroanthraquinone by the action of methylamine in pyridine solution is 
mentioned in D.R.-P, 144,634, but no melting points or analyses are recorded for the product. 
The bromination of 1 : 8-bismethylaminoanthraquinone in pyridine solution is described in 
D.R.-P. 164,791, but again the product was not characterised. 

The synthesis of 1: 4:5: 8-tetrakismethylaminoanthraquinone from 4: 8-diamino-] : 5- 
dimethoxyanthraquinone (obtained from 1: 5-dimethoxyanthraquinone by nitration and 
reduction) has been described in B.P. 442,726. Attempts were made to prepare 
1 : 5-dimethoxyanthraquinone both from anthraquinone-1 : 5-disulphonic acid (D.R.-P. 156,762 ; 
Barnett and Goodway, Ber., 1930, 63, 3048), and from 1 : 5-dinitroanthraquinone (D.R.-P. 
77,818) by refluxing it with methanol and sodium hydroxide. Both methods gave poor yields, 
and whereas the product from 1: 5-dinitroanthraquinone was bright red, that from the disulphonic 
acid was yellow. The red colour of the former was not removed on sublimation in high vacuum 
or by chromatographic adsorption on alumina, and both samples melted at the same temperature 
and showed no depression in melting point when mixed. At the time when the work had to 
be abandoned sufficient material had not been accumulated for nitration and reduction. 
Unsuccessful attempts were also made to condense 4: 8-dibromo-l : 5-bismethylamino- 
anthraquinone (II) with #-toluenesulphonmethylamide to give 4: 8-bis-p-toluenesulphon- 
methylamido-1 : 5-bismethylaminoanthraquinone, which should yield the tetrakismethyl- 
aminoanthraquinone on hydrolysis. In similar manner the attempted methylamination of 
(II) with methylamine in pyridine at 160—170° yielded a product from which no pure com- 
pound could be isolated. It was also found impossible to methylate 4 : 8-bis-p-toluenesulphon- 
amido-1 : 5-bismethylaminoanthraquinone (III) with methyl sulphate in nitrobenzene at 


(V.) 
(VIII.) 
H, Me-C,H,° 
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155—160°, although Waldman (J. pr. Chem., 1937, 147, 326) had previously reported 
successful methylation reactions of this type. The attempted methylation of 1:4: 5: 8- 
tetra-acetamidoanthraquinone also failed. 


EXPERIMENTAL. 


5-Chloro-1-methylaminoanthraquinone.—A mixture of 1 : 5-dichloroanthraquinone (25 g.) and penis . 
pou 


(120 c.c.) containing methylamine (11 g.) was heated in a pressure bottle at 110° for 8 hours an 

into water (600 can The crude chloromethylaminoanthraquinone ted as a dark red solid which 
was washed twice with water and dried (24 g.). After sublimation in high vacuum at 135° and crystal- 
lisation from glacial acetic acid, 5-chloro-1-methylaminoanthraquinone * was obtained in red needles with 
a golden lustre, m. p. 194—196° (Found: C, 66-5; H, 3-9. C,,;H,;,0,NCI requires C, 66-3; H, 3-7%). 
The solid formed bluish-red solutions in pyridine and in 2-methoxyethanol, and dissolved in hot concen- 
trated hydrochloric acid and in cold concentrated sulphuric acid to give colourless solutions. The base 
(5 g.) was acetylated by boiling it for 2 hours with acetic anhydride (25 c.c.) containing 2 drops of 
concentrated sulphuric acid. The crystalline deposit which separated on cooling was collected, washed 
with ethanol, and dried (4:3 g.). Crystallisation from boiling 2-methoxyethanol gave 5-chloro-1- 
acetmethylamidoanthraquinone in brownish-yellow needles, m. p. 201—202° (decomp.) (Found : C, 64-9; 
H, 3-9. C,,H,,0,;NCI requires C, 65-1; H, 3-9%). 

4: 8-Dibromo-1 : 5-bismethylaminoanthraquinone (II).—(a) A stirred suspension of 1 : 5-bismethylamino 
anthraquinone (26-6 g.) and fused sodium acetate (20 g.) in nitrobenzene (100 c.c.) was heated at 100° 
and then allowed to cool to 20° with stirring. Bromine (11-5 c.c.) was added at this temperature during 
2 hours with stirring. After standing over-night the precipitate was collected, washed with ethanol 
(70 c.c.), boiled with water (1000 c.c.), filtered off, and washed with hot water. The residue (36-5 g.) 
was extracted with 20% hydrochloric acid (450 c.c.) to remove unchanged 1 : 5-bismethylaminoanthra- 
quinone. The insoluble residue was washed with hot water and dried (33 g.). Crystallisation from 
chlorobenzene gave 4: 8-dibromo-1 : 5-bismethylami th inone * in small reddish-brown crystals 
which decomposed at 212—215° (Found : C, 45-2; H, 3-1. CyeH,0,N,Bry requires C, 45-3; H, 2-85%). 
This compound gave red solutions in organic solvents but dissolved in cold concentrated sulphuric acid 
to form a nearly colourless solution which on dilution with much water deposited the free base as a red 


solid. 

(b) (cf. D.R.-P. 164,791.) Bromine (40 g.) was added cautiously to a suspension of 1 : 5-bismethyl- 
aminoanthraquinone (25 g.) in pyridine (1000 c.c.) at 40° and the resulting mixture was heated on the 
steam-bath for 3 hours. Methylated spirits (500 g.) and water (300 c.c.) were added and the mixture 
was allowed to cool over-night. After a day at 0° the precipitated brown solid was collected and dried 
(32 g.). After removal of unchanged starting material as before, the residue (20 g.) was crystallised from 
and gave 4 : 8-dibromo-1 : 5-bismethylaminoanthraquinone identical with that prepared 
by me a). 

. 4 : 8-Bis-p-toluenesulphonamido-1 : 5-bismethylaminoanthraquinone (III).—A mixture of 4 : 8-dibromo- 
1 : 5-bismethylaminoanthraquinone (12-7 g.), p-toluenesulphonamide (10-8 g.), anhydrous potassium 
carbonate (4-5 g.), copper acetate (0-4 g.), and nitrobenzene (80 c.c.) was heated at 170—190° for 4 hours. 
Reaction began at 140—150° and the mixture became blue. After removal of the nitrobenzene by 
distillation with steam the residue was washed with hot 90% ethanol and boiled with successive portions 
of water until free from inorganic salts. Crystallisation of the residual dark blue solid (17 g.) from either 
chlorobenzene or nitrobenzene gave 4: 8-bis-p-toluenesulphonamido-1 : 5-bismethylaminoanthraquinone 
in prisms with a bronze-red lustre, which did not melt below 330° (Found : C, 59-6; H,5-0. C,,.H,,0,N,S 
requires C, 59-6; H, 4.7%). This compound gave a blue solution in nitrobenzene and dissolved in cold 
concentrated sulphuric acid to give a very dark red solution from which excess of water precipitated the 
blue base. 

4: 8-Diamino-1 : 5-bismethylaminoanthraquinone (IV).—A solution of 4 : 8-bis-p-toluenesulphonamido- 
1 : 5-bismethylaminoanthraquinone (11-7 g.) in 95% sulphuric acid (120 c.c.) was allowed to stand 
over-night at room temperature, after which it was heated on the steam-bath for 3 hours. The cold 
solution was poured into excess of water, neutralised with ammonia, and filtered, and the solid (6 g.) 
was washed well with hot water. Crystallisation from chlorobenzene, o-dichlorobenzene, or nitrobenzene 
gave 4: 8-diamino-1 : 5-bismethylaminoanthraquinone * as a dark blue microcrystalline solid with an 
intense bronze-red lustre, m. p. 253—255° (Found: C, 64-6; H, 5-45. C,,H,,O,N, requires C, 64-85; 
H, 54%). In concentrated sulphuric and hydrochloric acids the compound gave red solutions which 
on dilution with water deposited the reddish salt of the base. On further dilution hydrolysis to the free 
base occurred. The base gave intense blue solutions in organic solveents. 

Nitvation of 1: 5-Bismethylaminoanthraquinone (cf. D.R.-P., 156,759).—1 : 5-Bismethylamino- 
anthraquinone (10 38) was added slowly to stirred nitric acid (d 1-42; 100 c.c.), the tem ture being 
maintained below 30°. The yellow solution changed to bluish-red and finally to violet, and reddish-violet 
crystals began to separate. After being stirred for 4 hours after the last addition of base, the mixture 
was poured into water (800 c.c.) and filtered. The precipitate was extracted with hot 20% hydrochloric 
acid and finally with water until free from acid. The resulting reddish-violet solid (13-3 g.) had m. p. 
215° (decomp.), but decomposed with explosive violence when heated in quantity. After crystallisation 
from amyl alcohol-ethanol the #etranitro-derivative had m. p. 220° (decomp.) (Found : C, 43-85; H, 2-6; 
N, 18-8. C,H, OigN, requires C, 43-1; H, 2-3; N, 18-8%). Reduction of the tetranitro-compound 
with aqueous sodium sulphide gave a mixture of bases from which no pure compounds were isolated. 

Methylation of 4 : 8-Dinitro-1 : 5-diaminoanthraquinone (cf. B.P. 282,853).—4 : 8-Dinitro-1 : 5-diamino- 


anthraquinone was heated with a mixture of formic acid and aqueous formaldehyde, as described in 


* Compounds marked with an asterisk have been previously mentioned in patent literature, but no 
melting points or analytical data have been recorded. od e 
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B.P. 282,853. The product (15 g.) in suspension in water (600 c.c.) was reduced with a hot solution of 
sodium sulphide (90 g.) in water (300 c.c.). The’resulting blue solid was well washed with hot water 
and melted at 270—280°. No pure compounds could be isolated. 

1 : 8-Bismethylaminoanthraquinone v) (cf. D.R.-P. 144,634).—1 : 8-Dichloroanthraquinone (50 g.) 
and a solution of methylamine (29 g.) in pyridine (200 c.c.) were heated in an autoclave at 160—180° 
for 7 hours and then red into water; a brown solid ted, and was collected, washed with water, 
and dried (37 g.). After sublimation in high vacuum at 120° and recrystallisation from glacial acetic acid, 
pyridine, or 2-methoxyethanol, 1: * was obtained in prisms 
with a green lustre, m. p. 215—217° (Found: C, 72-3; H, 5-2. C,,H,,O,N, requires C, 72-2; H, 5-3%). 
In cold concentrated sulphuric and hydrochloric acids, the base gave ost colourless solutions from 
which, on dilution with water, the free base separated as a purple precipitate. The base gave bluish-red 
solutions in most organic solvents. When methylamination was attempted at 100° the reaction was 
age gy and considerable difficulty was experienced in isolating 1 : ¢ bism ethylaminoanthraquinone 
in pure form. 

yf : 5-Dibromo-1 : 8-bismethylaminoanthraquinone eile) A stirred suspension of 1 : 8-bismethyl- 
aminoanthraquinone (15 g.) and fused sodium acetate (12 g.) in nitrobenzene (60 c.c.) was heated on the 
steam-bath and then cooled to 20°. Bromine (7 c.c.) was added at this temperature during 2 hours 
with stirring. Stirring was continued for a further 8 hours, and after standing over-night the precipitate 
was collected, and washed with ethanol and then with hot-water until free from bromide (yield, 11-2 g.). 
Crystallisation from chlorobenzene or 2-methoxyethanol gave 4: 5-dibromo-1 : 8-bismethylamino- 
anthraquinone * in brownish-violet prisms with a greenish-golden lustre, which decomposed at 228—230° 
(Found: C, 45-2; H, 3-25. C,,H,,0,N,Br, requires C, 45-3; H, 285%). Dilution of the nitrobenzene 
mother liquor with ethanol precipitated impure 1: 8-bismethylaminoanthraquinone (8 g.). The 
dibromo-compound gave an almost colourless solution in concentrated sulphuric acid, and dilution with 
much water precipitated the free base as a reddish-violet solid. 

(b) (cf. D.R.-P. 164,791.) Bromine (6-4 c.c.) was added to a suspension of 1 : 8-bismethylamino- 
anthraquinone (12-4 g.) in ae (500 c.c.) at 40° after which the mixture was heated for 3 hours on 
the steam-bath. Methylated spirit (300 c.c:) was added, and the mixture was allowed to stand over-night. 
The brownish-violet crystalline deposit was collected (6-1 g.) and recrystallised from chlorobenzene. 
oe costed t. : 8-bismethylaminoanthraquinone (5-4 g.) was obtained, identical with that prepared 

me a). 

4 : 5-Bis-p-toluenesulphonamido-1 : (VII).—A mixture of 4:65- 
dibromo-1 : 8-bismethylaminoanthraquinone (8-5 g.), -toluenesulphonamide (7-5 g.), anhydrous 
SS carbonate (3 g.), —— acetate (0-4 g.), and nitrobenzene (60 c.c.) was heated at 180—190° 

or4hours. Reaction began at 140—150° and the mixture became blue. The nitrobenzene was removed 
with steam and the residue was twice extracted with boiling water and then washed with hot water until 
free from inorganic salts (yield, 11 g.). Crystallisation from nitrobenzene gave 4: 5-bis-p-toluene- 
sulphonamido-| : 8-bismethylaminoanthraquinone in blue — with a bronze-gold lustre which decomposed 
at 300—303° (Found: C, 59-7; H, 5-0. 230,N,5, requires C, 59-6; H, 47%). This compound 
gave blue solutions in organic solvents and ived in cold concentrated sulphuric acid to give a deep 
red solution from which addition of excess water ag the blue base. 

4: 5-Diamino-1 : 8-bismethylaminoanthraquinone (VIII).—A solution of 4: 5-bis-p-toluenesulphon- 
amido-1 : 8-bismethylaminoanthraquinone (10-1 g.) in 95% sulphuric acid (100 c.c.) was allowed to stand 
over-night at room temperature and then heated on the steam-bath for 3 hours. The cold red solution 
was poured into water, neutralised with ammonia, and filtered. The blue residue (5 g.) was washed 
well with hot water. Crystallisation from chlorobenzene or nitrobenzene gave 4: 5-diamino-1 : 8- 
bismethylami thraquinone * as a dark blue microcrystalline solid with a bronze-red lustre, m. p. 
227—229° (Found : G, 64-7; H, 5-4. C,,.H,,O,N, requires C, 64-85; H, 5-4%). The base gave d 
red solutions in concentrated sulphuric or hydrochloric acids. Dilution precipitated first the reddi 
salt and then by hydrolysis the blue free base, which gave blue solutions in organic solvents. 

Attempted Preparations of 1:4:5: 8-Tetrakismethylami thraquinone.—(a) A mixture of 
4: 8-dibromo-1 : 5-bismethylaminoanthraquinone (8-5 g.), toluenesulphonmethylamide (7-4 g.), 
anhydrous ium carbonate (3 g.), copper acetate (0-4 g.), and nitrobenzene (70 c.c.) was heated 
slowly to 170—190° and maintained at this temperature for 4 hours. A vigorous reaction appeared to 
set in at 140—150°, when the mixture turned blue. The nitrobenzene was removed with steam and the 
residue was extracted successively with boiling ethanol and boiling water. No pure product could be 
obtained from the residue (7 g.), which softened at 160° but did not melt below 330°, and attempted 
hydrolysis with 95% sulphuric acid gave a product which melted above 330°. The m. p. of 1: 4:5: 8- 


tetrakismethylaminoan uinone given in B.P. 442,726 is 308—310°. 

(6) A mixture of 4: romo-l : 5-bismethylaminoanthraquinone (20 g.), A al acetate (0-4 g.), 
and pyridine (100 c.c.) en methylamine (10 g.) was heated in an au ve at 160—170° for 
9 hours. The cold mixture was filtered and the residue well washed with hot water and dried (4-95 g.). 
Addition of water to the pyridine mother liquor precipitated more solid, which was well washed and 
dried (11-5 g.). No pure compound could be isolated from these products. A similar reaction carried 
out at 90—100° gave a product (10-2 g., m. p. 284—-286°) from which no pure compound could be obtained 
by fractional precipitation by addition of water to its solution in concentrated sulphuric acid. 

(c) A mixture of 4 : 8-bis-p-toluenesulphonamido-1 : 5-bismethylaminoanthraquinone (6 g.), methy] 
sulphate (3 g.), anh us potassium carbonate (3 g.), and nitrobenzene (50 c.c.) was heated at 155—160° 
for 4 hours. Nitrobenzene was removed with steam and the residue washed with ethanol and hot water. 
Recrystallisation from nitrobenzene gave a product (3-6 g.) which did not melt below 330°. Hydrolysis 
with 95% sulphuric acid gave only 4: 8-diamino-1 : 5-bismethylaminoanthraquinone. 

d) mixture of 1: 4:5: 8-tetra-aminoanthraquinone (20 g.), acetic acid (60 c.c.), and acetic 
anhydride (60 c.c.) was boiled under reflux for 2 hours. The dark red mixture was poured into water 
(700 c.c.) and the precipitate collected, washed, and dried (28-5 g.). Several recrystallisations from 
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nitrobenzene gave 1: 4: 5: 8-tetra-acetamidoanthraquinone in short thick ley: with a —- - 
iden lustre, m. p. 315—320° (Found: C, 60-3; H, 4-9. Calc. for C,,H,,0,N,: C, 60-5; H, 46%). 
oelting and Wortmann (Ber., 1906, 39, 646) state that the compound does not melt below 330°. e 
tetra-acetyl derivative (5 g.), dry benzene (45 c.c.), and sodium (1 g.) were heated on the steam-bath 
under reflux for 3 hours. When cold, methyl sulphate (4-5 c.c.) was added and the mixture refluxed 
for 3 hours. After addition of ethanol the mixture was filtered, and the residue, washed successively 
with alcohol and hot water, proved to be unchanged 1 : 4: 5 : 8-tetra-acetamidoan uinone. In a 
second iment the tetra-acetyl derivative (5 g.), anhydrous potassium carbonate (6-5 g.), methyl 
sulphate (6-4 g.), and nitrobenzene (40 c.c.) were heated at 150—160° for 5 hours. Nitrobenzene was 
removed with steam and the residue washed well with hot water. Several crystallisations from nitro- 
benzene gave a solid which did not melt below 330° (Found : C, 63-7; H, 4-6%), and since it gave blue 
solutions in organic solvents it was probably a mixture of N-methyl derivatives of 1: 4: 5 : 8-tetra- 
aminoanthraquinone. 

1 : 5-Dimethoxyanthraquinone.—(a) (cf. D.R.-P. 156,762; Barnett and Goodway, loc. cit.). A mixture 
of sodium an uinone-1 : 5-disulphonate (50 g.), methanol (500 c.c.), and 30% aqueous sodium 
hydroxide (125 c.c.) was boiled under reflux for 80 hours. The mixture was added to water (2000 c.c.), 
and the precipitate collected, washed, and dried (34 g.). Boiling ethanol extracted crude 
1 : 6-dimethoxyanthraquinone (12 g.) which after sev crystallisations from the same solvent was’; 
obtained in yellow needles, m. p. 234—236° (Found: C, 71-6; H, 4-65. Calc. for C,,H,,0,: C, 71-6; 
H, 45%). Freund and Achenbach (Ber., 1910, 43, 3260) gave m. p. 232—234°, Attree and Perkin 
(J., 1931, 144), m. p. 236—238°, and Barnett and Goodway (loc. cit.), m. p. 241°. 

(b) (cf. D.R.-P. 77,818.) A mixture of 1 : 5-dinitroanthraquinone (50 g.), sodium hydroxide (20 g.), 
and dry methanol (350 c.c.) was boiled under reflux for 50 hours. After removal of most of the methanol 
by distillation the residue was extracted with water. The residue (41 g.) was crystallised from glacial 
acetic acid with charcoal, and after sublimation in high vacuum followed by further isation from 
ethanol gave | : 5-dimethoxyan uinone in red needles (10-2 g.), m. p. 233—-235° (Found: C, 71-5; 
H 4-6. Calc. for Cy,H,,0,: C, 71-6; H, 45%). The m. p. was un ed on i with the 
yellow needles prepared by method (a). 
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146. Studies on Some Metal Electrodes. Part I. Oxide-film Formation 
on Copper, and the Evaluation of the Standard Electrode Potential of 


the Metal. 
By A. Rrap Tourky and S. E. S. EL Waxkxap. 


Oxide-film formation on the surface of a metal immersed in a solution of its ions is liable to 
obstruct the regular transfer of ions to and from the metal, with the result that the thermo- 
dynamic potentials are not attained. We tried to study this effect on the evaluation of the 
standard electrode potential of copper, taking into consideration that with an oxide film on its 
surface it may respond to variations in pH and that the oxide may be removed by subjecting 
the electrode to hydrogen and to high vacuum at high temperatures. By comparing the results 
obtained in and out of contact with air in buffers initially free from copper ions, a set of conditions 
could be chosen leading to the evaluation of the true standard electrode potential. In air, the 
electrode was found to behave as an indicator electrode for hydrogen ions from pH 4-65 to 8-0 
with AE/ApH and E, values coinciding practically with those for a Cu—Cu,O electrode. Out 
of contact with air, an oxide was found to form on the metal between pH 6-77 and 8-0. This 
and the subsequent behaviour of the electrode in solutions of higher pH are discussed in the 
light of the amphoteric properties of cuprous oxide. 

By evaluating the standard electrode potential of under conditions not favouring the 
formation of an oxide, a value of 0-3457 v. as compared with 0-3420 v. in air was obtained. With 
the help of the former value the activity coefficients of some copper sulphate solutions were 


THE establishment of a true thermodynamic equilibrium between a metal and its ions in solution 
imposes the condition that no other process than the reversible transfer of metal ions between 
metal and solution should take place. Local action processes, due, e.g., to oxide-film formation 
on the surface of the metal, should therefore be absent as this may obstruct the regular transfer 
of ions to an extent depending on the properties of both film and solution (Miller, Monatsh., 
1936, 69, 437; Z. Elektrochem., 1936, 42, 789, 830; 1937, 48, 561; Kolloid-Z., 1938, 86, 150). 
The non-recognition of this factor by many previous investigators, or the application of less 
‘ efficient means for removing oxide films, is responsible, at least in part, for the discrepancies 
observed in the values of many standard electrode potentials. 
A metal with an oxide film on its surface is liable to respond to variations in pH in solutions 
free from the metalions. It should therefore be possible, from a study of the electrodic behaviour 
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in such solutions, to ascertain whether or not the potentials set up in solutions containing the 
metal ions are the pure metal-metal ion potentials. Copper was chosen for this investigation 
on account of the comparative ease with which an oxide film formed on its surface can be removed 
by reduction with hydrogen. Its electrodic behaviour can therefore be studied in buffer solutions 
initially free from the metal ions in and then out of contact with air after removal of the oxide 
film from its surface. In the light of the results obtained, that set of conditions can be chosen 
which is capable of leading to the evaluation of the true standard electrode potential. 


EXPERIMENTAL. 


Copper Electrodes.—In order to eliminate differences due to variations in the physical state of the 
metal, the electrodes were ee by electrodeposition according to the method of Lewis and 

(J. Amer. Chem. Soc., 1914, 36, 804; see also Getman, Trans. Amer. Electrochem. Soc., 1914, 26, 67; 

m and Pennycuick, J. Amer. Chem. Soc., 1923, 45, 1355; Oku, Bull. Inst. Phys. Chem. Res. Tokyo, 

1928, 1, 84). The electrodes so prepared were considered to be satisfactory in every respect save for 

occluded hydrogen, to which were mostly attributed variations in the stndasd potential of the metal. 


Fic. 1. ‘Bre. 2. 
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The deposition was made on platinum plates 1 x 1 cm. each sealed to tubes partly filled with 
mercury. They were always freshly prepared and were carefully rinsed redistilled water and with 
the solution to be used immediately before immersion. _ : 

Buffer Solutions.—We first used as series of buffers nine acetic acid-acetate mixtures covering the 
pH range 3-62—5-61, which approximately coincides with the same range of copper sulphate solutions 
of i dilutions. These were made each of the constant ionic strength 0-04 according to Cohn’s 
method (J. Amer. Chem. Soc., 1927, 49, 173 ; Cohn, Heyroth, and Menkin, ibid., 1928, 50, 696). Later another 
series was used consisting of the ben teres hydrogen phosphate—borax buffer of pH 6-0 (Kolthoff), the 
boric acid—borax buffers of pH values 6-77, 7-09, 8-08, and 9-11 (Paletzsch), and the boric acid—sodium 
hydroxide buffer (Clark and Lubs; cf. Clark, ‘“‘ The Determination of H Ions ’’, London, 1928, 
pp. 192 e¢ seq.). All buffers were prepared as recommended by the respective authors and their = 
values were carefully checked by means of the hydrogen electrode. Owing to inherent difficulties, 
second series could not be made of the same ionic strength. y ; ave 

Preparation of Electrodes and Solutions for Measurements out of Contact with Air.—In order to eliminate 
the effect of atmospheric oxygen on electrode and solution, a device was constructed, in which the 
electrode could be alternately heated in a vacuum and subjected to the action of hydrogen at ~350°, 
a temperature which was considered high enough to ensure the reduction of any oxide on the metal and 
the removal of adsorbed gases. .Another device (Fig. 1), essentially similar to that used by Miiller and 
Diirichen (Z. physikal. Chem., 1938, A, 182, 233), served for holding electrode and oxygen-free solution. 

oak uated supplied from a cylinder, was purified as recommended by Noyes (J. Amer. Chem. 
Soc., 1907, 29, 1718). 


Ae 
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The electrode jacket holding the electrode E was ground from outside in such a manner so as to fit 
tightly into the vessel to hold the solution. After being sealed off at the capillary constriction, the 
electrode jacket was fitted into the vessel with the capillary end passing through the | hole of the 
joint B. When this was turned, it broke the capillary tip and allowed the solution to fill the evacuated 
electrode jacket. Taps C and A served as inlet and outlet for pure nitrogen, which was bubbled through 
the solutions to ensure the removal of any traces of dissolved oxygen. 

Before introduction of the solution through D, the vessel was alternately evacuated and filled with 
pure nitrogen several times so as to ensure that the traces of gas remaining after evacuation consisted 
only of that gas. The tube connected to tap D served as lead to the other half-cell used. 

After thorough washing to remove any adhering liquid from the electrolysis cell, the freshly prepared 
electrode was sealed into the high-vacuum device so as to form a capillary constriction. Evacuation 
was then started, and in the meantime, the electric oven packed with asbestos and holding the electrode 
jacket was gradually heated to ~350°. It was kept at that temperature for at least } hour before 

ydrogen was introduced. As the gas was not made to flow through the device, a process which aids in 
the removal of water vapour from the electrode surface, the apparatus was subjected to high vacuum 


- once every two hours at the same high temperature after the electrode had been subjected to the 


reducing action of the gas for about one hour. The operation was ted at least three times before 
the electrode was sealed off at the capillary constriction and left to cool. 

Copper Sulphate Solutions.—‘* AnalaR ’’ Copper sulphate was twice recrystallised. The oxygen-free 
solutions were Fm apy by means of the device shown in Fig. 2 as follows: Flask F was removed, filled 
to about two-thirds of its capacity with boiling conductivity water, and brought to its original position. 
Pure nitrogen was then allowed to bubble through till the water had cooled. It was then sucked out 
from a joint below T, till the tube was filled, and T, was then closed. A weighed amount of the copper 
sulphate stock solution was also introduced into the calibrated flask G before it was connected to F and 
the electrode vessel. Nitrogen was then bubbled into flask G through T, for some time and was kept 
bubbling while T, was turned round, allowing the conductivity water to run into G till it was filled to 
just below the mark on the constricted neck. A small water thermostat adjusted at 30° (temperature 
at which the flask was calibrated) was then placed in position, immersing flask F to the neck. After 

uilibrium had been attained, and the well-mixed solution adjusted to the mark, T, was closed and the 
solution was now ready for admittance into the carefully evacuated copper electrode half-cell. 

The gram-molarites of the solutions were further checked by determining electrolytically the co 
content of accurately weighed portions at least three times in each case. The density of each solution 
was determined also at least thrice at 30°, pyknometers with platinum hooks being used. The results of 
some density measurements are shown in [able I. 


TABLE I. 
Molarity, M 1-1040 0-4071 0-1764 0-1076 0-0559 0-0067 
Density ...... 1:0599 1-0236 1-0130 1-0040 0-9966 


By plotting these values together with others obtained from the International Critical Tables 
(1928, III, p. 67) against composition, a straight line was obtained connecting all points. 

The nitrogen used as the inert atm ere was supplied from a cylinder and contained a small amount 
of oxygen but hardly any carbon dioxide. It was purified by allowing it to pass slowly through three 
tubes packed with copper filings and heated electrically to ~400°, then through a train of bubblers 
containing successively in pairs pyrogallol, dilute ee acid, potassium hydroxide, silver nitrate, 
and concentrated sulphuric acid, and lastly through a long tube packed with asbestos wool. It was not 
n to modify the device so as to saturate the gas with water vapour at the vapour pressure of the 
solutions as these were checked by analysis after each dilution. 

Electrical Measurements.—Measurements in the buffer solutions were performed in the usual manner, 
using a saturated calomel half-cell as the reference electrode. In order to avoid its preparation according 
to exact specifications, we did not make use of any assigned E, value but determined, following the 
suggestion of Harned and Owen (“ The Physical Chemistry of Electrolytic Solutions ’’, New York, 
1943, pp. 316 e¢ seq.), its experimental E,pH value under the ae conditions in buffers with acids 
of known dissociation constants. The experimental E,pH involving all necessary corrections amounted 
to 0-2413 v. at 30° as compared, e.g., with Clark’s value of 0-2420 v. (op. cit., p. 455). The reference 
half-cell was kept during the whole experimental period in an air thermostat at the working temperature 
of 30° +0-02°. An N.P.L. calibrated cadmium cell and an Onwood mirror galvanometer having a 
sensitivity of 190 mm./microamp. were used. Unless greater accuracy was required (as for the evaluation 
of the standard electrode potential of the metal) the potentials were m to the nearest millivolt. 

Measurements in the po ee sulphate solutions were performed against a mercury—mercurous sulphate 
half-cell, the mercury of which was purified as recommended by Hullet and Minchin (Physical Rev., 
1905, 21, 388). The mercurous sulphate was prepared according to the method of i and 
Stonehill (Trans. Faraday Soc., 1935, 31, 1357) by electrolysis of a sulphuric acid solution between a 
platinum cathode and an anode of purified mercury. 


RESULTS AND DISCUsSIONs. 


(1) The Behaviour of the Electrode in Solutions of Varying pH and Initially Free from Copper 
Ions in Air.—(A) The behaviour of the electrode after immersion. On examining the electrode in 
solutions of varying pH in air it was observed that : 

(i) Except in the most alkaline solutions used, steady-state potentials are attained in the 
unstirred solutions within 1—2 hours. These remain practically constant in the more acid 
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solutions (<pH 4°7) for the next 20 hours, but as the solutions become less acid they undergo a 
gradual change, the extent of which varies from one electrode to the other and does not seem to 
depend in a regular manner on the pH values of the solutions. 

(ii) The immersion as well as the steady-state potentials approach each other closely in the 
more acid solutions (pH 3°62—4°83). They correspond within that pH range at the steady 
state to comparatively high copper-ion activities, the mean value being lower only by ~120 mv. 
than the standard Cu-Cu** potential. With increasing pH up to 9°11 the potentials decrease 
both on immersion and at the steady states. 

(iii The manner in which the steady-state potentials are approached depends on the pH 
values of the solutions. For instance, from pH 3°62 to 4°83 they are approached chiefly from 
smaller, whereas from pH 5°00 to 8°08 they are mostly approached from higher initial values. 

The fact that the potentials approach each other in the more acid solutions below ~ pH 5:0, 
attaining high values which then decrease with increasing pH, points to a considerable break 
down of the film below, and an increase in its area, probably by precipitation or oxidation above 
that pH. The potential-determining ions within the former range may be thought of as 
consisting mainly of Cu*++ and Cu* ions originating presumably from the anodic dissolution of 
the metal by local action processes, or in the case of Cu* ions from the dissolution of cuprous 
oxide, the stable oxide in contact with the metal (Pilling and Bedworth, J. Inst. Metals, 1923, 
29, 529; Evans, J., 1925, 127, 2484; Haase, Metallw., 1932, 11, 516; Bengough ef al., J. Inst. 
Metals, 1913, 10, 13; 1916, 15, 27; 1919, 21, 37; 1920, 28, 97; 1924, 82, 108). The relative 
amounts of both ionic species will be governed by the equilibrium constant of the reaction 
Cu + Cu*+ ==> 2Cut(K = 10*) provided that both ions can come freely in contact with the 
metal and that the solution at the interphase has been freed from dissolved oxygen. 

Assuming now that the relations which govern ionic equilibria in the bulk solution can be 
applied to equilibria at the interphase, that the ionic product Sogo), = 5°6 x 10-*° (cf. Latimer, 
“‘ Oxidation Potentials ’’, New York, 1938, p. 174) and Sgyoq = 7°18 x 10- (unpublished), 
and by taking E, of the Cu-Cut* couple as 0°3457 v. (Section 3), and 0°236 v., the steady-state 
value at pH 3°62 (Table II) as representing a pure metal—metal ion potential with a minimum of 
polarisation, then at the interphase agy+ = 1°712 x 10° and agy++ = 2°205 x 10~. 

When in a mixture containing both ionic species apy. is progressively increased, cuprous 
hydroxide alone will be precipitate till ag,+/agy++ has become > Souon/Souom, = 1°90 x 10°, 
or when 

Gout = 1°90 x 10% x 1°49 x 10% = 2°8 x 107 


As the actual value of ao,+ as calculated is greater, cuprous hydroxide will be precipitated 
first. Any initially precipitated cupric hydroxide will also be reduced in the presence of the 
metal, for otherwise no steady-state potential values could be obtained owing to the instability 
of the Cu-CuO-OH™ couple (Britton, J. 1925, 127, 2796; Maier, J. Amer. Chem. Soc., 1929, 
51, 194). With a value of ag,+ = 1°712 x 10% and Kw at 30° = 1°469 x 10° (Harned and 
Owen, op. cit., p. 485), we have 


1-712 x 10% x 1-469 x 10/ag+ = 7°18 x 10-4 


hence the pH value at which precipitation begins = 5-46, which compares with the experimental 
value of ~ pH 5:00 (see below). The lower actual value may be expected owing to the effect of 
dissolved oxygen which, on being charged, provides the solution at the interphase with hydroxyl 
ions, making it more alkaline, and owing to the circumstance that ap,+ might actually be greater 
(Section 2). In the absence of atmospheric oxygen, the pH value of precipitation as calculated 
coincides more closely with the experimental one. 

(iv) At pH 9°11 and more manifestly at pH 10-00, a continuous drift in potential was observed 
which only died out after 40—50 hours in the unstirred solutions. The immersion potential at 
the latter pH, which was smaller in magnitude than any corresponding one at lower pH, increased 
at first quickly, attaining in one case, for example, the value of 0-197 v. after 2} hours as compared 
with the steady-state value of 0°205 v. at pH 5-00 obtained after the same period of time, and 
then slowly till it ceased at an e.m.f. of 0°222 v., thus approximating to the steady state at pH 
4°83. Evidently the irreversible process leading to the drift involves the depletion of the 
solution at the interphase of its hydroxyl ions. We intend to study this phenomenon in some 
detail. 

The conclusion which can be drawn from the foregoing results is that on immersion an oxide 
film initially formed on the metal dissolves in solutions with pH values lower than 4°65. Above 
this limit an oxide persists or is newly formed on the metal. It is now desirable to find out 
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whether, in the presence of an oxide on its surface, the electrode behaves rightly as a metal-metal 
oxide electrode. 

(B) Behaviour of the electrode as a metal-metal oxide electrode. Table II contains the results 
of one representative set of measurements in both series of buffers. In this table E, represents 
the steady-state potentials (or, at pH 9°11 and 10-00, the potentials obtained after 24 hours) as 
referred to the hydrogen electrode. By plotting these values against pH and extrapolating to 
pH = 0, an E,, value of 0°507 v. at 30° is obtained. With the help of this value one can 
calculate the change in potential of the copper electrode per unit pH (AE/ApH). The values 
as shown in Table II are not constant from pH 3°62 to 4°47, but thereafter to pH 8°08 they are 
practically constant, yielding a mean value of 0-060 v. 


4-02 . 4-47 4-65 4-83 5-00 
0-228 0-230 0-227 0-219 0-205 
0-069 0-062 0-060 0-060 0-060 
5-61 7-09 8-08 9-11 10-00 
0-169 . 0-083 0-026 (0020) — (0-197) 
0-060 0-060 0-060 0-053 0-031 


The results indicate that the spongy copper electrode responds to variations in pH from 
4°65 to 8-08, a range which coincides in part with that of the more dilute copper sulphate solutions. 
This cannot be attributed to adsorbed hydrogen, since the pressure of this gas, as calculated 
from the relation E = (RT /2F) log P,/P, in which E is set equal to 0°507 v., the standard potential 
at unit ag+, amounts only to the partial pressure of 1:26 x 10-7 atm., a negligible quantity 
with which a hydrogen electrode cannot be conceived to be in equilibrium. The linearity of 
the potential—pH relation within that range, and the fact that AE/ApH is practically identical 
with the theoretical value, indicates that we have here a well-defined metal—metal oxide electrode 
which behaves theoretically as a hydrogen electrode. It seemed now desirable to find out 
whether the electrical measurements confirm the formation of cuprous rather than cupric oxide 
on the metal. One way of approach is to ascertain whether the oxygen pressure as calculated 
from the electrical measurements conforms with that of cuprous oxide, the stable oxide in 
contact with the metal, as calculated from thermal data. Assuming that the thermodynamic 
relation 

RT RT 
E = E’ + 3p ln Pu, + Gp ln Po, 
in which E is set equal to 0°507 and E’ is assumed to have the theoretical value of 1°221 v. at 
30°, is obeyed, Po, will amount to 2-512 x 10“* atm. For computing Po, at the same temper- 
ature from thermal data, one can proceed as follows: Assuming that the course taken on 
decomposition is represented by 2Cu,O0 ==> 4Cu + Oy, we have Po,(aoy"/aou,0) = K. Provided 
that no solid solutions are formed, K will equal Po,. One can now substitute in the familiar 
relation 
RT ln K = AF = AH — TAS 


by setting T = 303°15° and AH = 39-900 kcals./mole (‘‘ International Critical Tables’, 1929, 
Vol. 5, p. 187). In evaluating this latter quantity, 25° was referred to as the standard temperature. 
As for most purposes, however, the effect of a few degrees on heats of formation is unimportant, 
AH of the reaction can be considered the same at 30° as at 25°. We have further 


AS30315 = + So, — = 32°292 + 49°146 — 48°546 = 32-892 kcals. /degree-mole 


the entropies being corrected to 303°15° from Latimer’s values at 298°15° (op. cit., p. 170) by 
integration between both temperatures, using C, values of 6-2, 6°92, and 16-4 for copper, oxygen, 
and cuprous oxide respectively. Hence RT log Po, = 79°800 — 32°892T and Po, = 4°47 x 10° 
atm. The deviations are probably due to the assumptions made and the uncertainties in the 
quantities used. By proceeding in the same manner for cupric oxide, a value of the order of 
10-* atm. is obtained, which deviates greatly from the value computed from the electrical data. 

(2) The Behaviour of the Electrode in Solutions of Varying pH and Initially Free from Copper 
Tons out of Contact with Air.—In examining the electrode in oxygen-free solutions of varying pH 
after subjecting it alternately to hydrogen gas and high vacuum at ~350°, the following facts 
were observed : ; 

(i) The immersion as well as the steady-state potentials for any pH are always lower than 
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those attained in air. The steady-state values in the first eight buffers (pH 3°62—5°61) approach 
the redox potential of the Cut-Cu** couple, the maximum deviations from the hitherto accepted 
value of 0°187 v. amounting only to 16 mv. This may be ascribed to the circumstance that, in 
the absence of an oxide film to provide the solution with copper ions and of dissolved oxygen 
to function as an electron-acceptor from the metal, the process at the interphase in the more 
acid solutions will mainly be limited to metal dissolution and hydrogen-ion discharge. As in 
other cases of hydrogen evolution through copper, the process may be looked upon as being 
due to a negative metal-metal ion potential relative to that of the hydrogen electrode under the 
given set of conditions (Schikorr, ‘‘ Die Zersetzungserscheinungen der Metalle ’’, Leipzig, 1943; 
Ann Arbor, Michigan, 1945, p. 12). When dissolved in initially copper-ion-free solutions, 
cupric ions will first be released from the metal, the potential caused by their accumulation at 
the interphase becoming increasingly positive and approaching that of the Cu-—Cu* couple. 
Cuprous ions will then pass into solution until both potentials have become equal, a condition 
which is satisfied when the redox potential of the system Cut-—Cu** has been attained. Now 
under normal conditions the reaction Cu-» Cut is opposed by the equilibrium reaction 
2Cu* => Cut* + Cu, which leads to a considerable decrease in the activity of cuprous ions. 
However, since hydrogen evolution on copper is subject to a certain amount of overvoltage, it 
is likely that a stable film permeable only to electrons will cover the metal, rendering it an inert 
electrode in a redox system. A similar state of affairs might occur in air, in which case the 
relative amount of cupric ions and correspondingly the potential set up will be greater owing to 
oxidation through atmospheric oxygen. 

(ii) The steady-state potentials are approached from lower initial values up to pH 5°61 and 
from higher values from pH 6°77. It can be readily shown that the copper electrode behaves 
as a metal—metal oxide electrode between the latter pH and pH 8°08, the same upper limit in 
air. It behaves also as such, as will be shown below, in more concentrated alkali hydroxide 
solutions from pH 10°83 to 13°91. In that latter set of solutions the carefully protected electrode 
was found to attain gradually the tint characteristic of cuprous oxide. This led us to the view 
that the reaction 40H~ —-> 2H,O + O, + 4e was enhanced at the electrode surface, leading 
to its oxidation and to the observed decreasing trend of the potentials with time. A similar 
phenomenon was observed in this laboratory by A. Mousa with arsenic electrodes, prepared 
either by subliming the metal or by decomposing arsine under hydrogen, even when they were 
immersed in acid buffers of comparatively low pH. If this were the case, hydrogen- as well as 
hydroxyl-ion discharge should be considered as possible processes taking place at the protected 
electrode surface, the predominance of either depending upon the pH of the solution and in turn 
upon the solubility product of the hydroxide. By proceeding as in Section 1, taking 0°180 v. asan 
average steady-state potential, a@p,+ = ao,++ and Egy_oy++ = 0°3457 v., we find that the pH value 
at which precipitation should occur is 6-2, i.e., between pH 6-00 and 6°77 (see Fig. 3). In order to 
find whether the pH limits between which the protected copper electrode behaves as a metal—metal 
oxide electrode were not merely accidental, depending on the presence of a trace of the oxide 
sufficient to saturate the solution at the interphase, the experimental conditions were varied 
but mainly substantiated the same results : seven different electrodes were subjected at varying 
temperatures between 300° and 400° for prolonged periods of time to hydrogen so as to ensure 
in each case the attainment of equilibrium, and were used singly in carefully prepared and checked 
buffers. 

(iii) Above pH 8-00 the electrode does not respond readily to variation in pH, probably 
owing to the small extent of ionisation near the isoelectric point and the scarcity of the metal 
ion caused by varying the pH. At pH 10°00, it manifested the same continuous drift with time 
towards more positive values as in air. The drift ceased, however, after 20 hours at a value of 
0°186 v., i.e., at the same limiting value above which the electrode functions as a metal-metal 
oxide electrode and below which it functions as an inert electrode in a redox system. 

In order to complete the picture on the behaviour of the electrode in solutions of varying 
pH, and owing to the stability of the Cu-Cu,O—-OH™ couple out of contact with air, the electrode 
behaviour was studied in solutions more alkaline than pH 10°00. For this purpose, and owing 
to the difficulty of obtaining suitable buffers, sodium hydroxide solutions of various concen- 
trations (1-709 n to 1°99 x 10 N) were prepared by accurate volumetric dilution in the absence 
of carbon dioxide and were checked by titration against standard hydrochloric acid. Their 
pOH values were calculated by using activity coefficients at 30° (Harned and Owen, op. cit., 
p. 560), and the corresponding pH values were obtained by subtraction from pK,, at the same 
temperature. The results of one set of measurements are recorded in Table III, in which the 
figures in the lower row represent the steady states, or otherwise, when drifting took place 
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(figures in parentheses) the values obtained after 2} hours. The drift during 20 hours at pH 
10°30 was 0°100 v. but decreased steadily to the minimum value of 2 mv. at pH 10°83. From 
this pH up to pH 13°91, the electrode functioned again as a metal-metal oxide electrode, yielding 
steady-state potentials that were approached from more positive values after about one hour. 


III. 


13-93 13-01 12-31 11-83 10-85 10-81 10-63 10:37 10-30 10-13 
span —0-360 —0-273 —0-251 —0-174 —0-136 (0-107) (0-132) (0-088) (0-082) rN 122) 


The results of measurements out of contact with air throughout the whole range from pH 
3°6 to 139 are represented in Fig. 3 by the curve AA’. Forcomparison, the results of measure- 
ments in air are also shown by curve B. The region above pH 8°08 through which the electrode 
does not respond regularly to variations in pH is represented by the broken line C. 
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In order to account for the behaviour of the protected copper electrode as represented by the 
curve AA’, one should consider the manner in which cuprous oxide dissolves and dissociates in 
solutions of different pH values. It can be deduced from Laue’s work (Z. anorg. Chem., 1927, 
165, 305) on the amphoteric properties of metal hydroxides that the isoelectric point of cuprous 
hydroxide should be on the alkaline side somewhere below that of silver hydroxide, i. ¢., below 
pH 12. When dissociating as a base, ag,+ in solution will decrease with increase of pH till a 
limiting value is reached at the isoelectric point, whereupon the hydroxide begins to dissociate 
as an acid with increasing dissociation as the pH is further increased. 

Trials to determine the exact position of the isoelectric point by analytical methods failed 
on account of the non-response of all known reagents to variations in the copper-ion concen- 
trations at these dilutions. If it were permissible to locate that point within the region of 
disturbance represented by the dotted line, then it should lie at about pH 9°4. 

It may be noted that the drift taking place within the region of the isoelectric point is 
independent of the nature of the solution used, for it revealed itself not only in the boric acid— 
sodium hydroxide buffer but in a sodium carbonate-hydrochloric acid buffer, as well as in the 
sodium hydroxide solutions. It may further be noted that the results did not diverge to any 
marked extent from those represented by curve A when pure cuprous oxide (prepared in the 
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absence of atmospheric oxygen) was introduced in the copper electrode half-cell except perhaps 
for the attainment of the steady-state potentials more quickly. 

(3) Evaluation of the Standard Potential of Copper.—The foregoing studies have shown that 
an oxide film persists on the electrode surface in air above pH 4°65. Out of contact with air, 
and after the electrode has been subjected to the reducing action of hydrogen and a high vacuum, 
an oxide film forms on the metal somewhat above pH 6. Accordingly, measurements in copper 
sulphate solutions under the latter conditions should lead to the evaluation of the true standard 
electrode potential. For this purpose the copper-electrode potentials were measured in the 
copper sulphate solutions of the previous molarities (see Table I) in cells without liquid junction 
of the type Hg | Hg,SO, | xm-CuSO, | Cu, which were designed to allow the measurements to 
be taken out of contact with air. 

By plotting the equilibrium values usually attained after about 30 minutes, and which were 
constant and reproducible, against the logarithms of molarity, a straight line is obtained as 
shown in Fig. 4. For comparison, the values obtained by Lewis and Lacey (loc. cit.), by Nielsen 


Fie, 4. 


x Lewis and Lacey. 
v Nielsen and Brown. 

Getman (copper crysta/). 

v Getman (copper ama/gam). 
© Values of this investigation. 


log m. 


and Brown (ibid., 1927, 49, 2423), and by Getman (J. Physical Chem., 1930, 34, 1454) are plotted 
in the same manner. 

For the reaction occurring in the cell the equation connecting the e.m.f. with the activities 
of the cell components is as follows : 


E = E, — jn 


which reduces to a 


since mercury, copper, and mercurous sulphate are in their standard states and it is customary 
to assign the value unity to the activity of such components. Further, since by convention 
4ouso, = = (fm)*, equation (2) becomes at 30° 


E=E,—006005logfm ......... 


Following Lewis and Randall’s procedure (‘‘ Thermodynamics ”’, 1923, New York and London, 
p. 334), equation (3) can be rearranged as follows : 


E, = 0-06005 log f + (E + 0°06005logm). . . . . (4) 


If we designate the quantity in parentheses as E,' and plot this against any function of the 
concentration such as the square root of the ionic product p, the limit approached by the 
ordinate at infinite dilution will be equal to E,, the standard electrode potential. In Table IV 
are given the values of E,! calculated by the above equation at rounded concentrations. 
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IV. 
E.m.f. 


of cell. pila, Eu. 
0-3473 2-000 0-3473 0-3510 
0-3520 1-673 0-3427 — 
0-3565 1-415 0-3384 0-3416 
0-3685 0-8943 0-3265 0-3292 
0-3778 0-6324 0-3177 0-3196 
0-3825 0-5291 0-3131 
0-05 0-3868 0-4472 0-3086 0-3108 
0-02 0-3993 0-2831 0-2972 0-3009 
0-01 0-4087 0-2000 0-2886 0-2926 
0-007 0-4135 0-1673 0-2841 —_ 
0-005 0-1415 0-2857 


The values under E,™ and E,™! were those obtained by Getman with the copper amalgam 
and the copper crystal electrode, respectively. By plotting the E,! values against y1/* and 
assuming that E,! remains a rectilinear function of y1/? at greater dilutions, we obtain a limiting 
value for our cell equal to 0°2654 v. at 30° as compared with 0°2715 v. for the amalgam 
electrode and 0-2738 v. for the crystal electrode at 25° and with 0°2765 v. for Lewis and 
Lacey’s spongy electrode. 

Now, according to Harned and Hammer (J. Amer. Chem. Soc., 1935, 57, 9), the potential of 
the mercury—mercurous sulphate electrode is 0°61107 at 30°. From this it follows that the 
standard potential of the copper electrode in copper sulphate solutions is 0°3457 at 30°. Miiller 
and Reuther (Z. Elektrochem., 1943, 49, 277) found that AE/At for the standard potential of 
the copper electrode between 20° and 50° was only 0°01 mv./degree, which they ascribed to 
the circumstance that the non-isothermal temperature coefficient of the standard copper- 
electrode potential was of the same order of magnitude as that of the standard hydrogen 
electrode. This implies that for a change in temperature from 30° to 25° there will be a change 
of 0°05 mv., which is beyond the limit of accuracy in our experiments. 

In Table V are given the values obtained by different authors. Col. 3 shows the original values 
assigned by them, and col. 4 contains the corrected values after assigning to the reference 
electrode the more recent value of Harned and Hammer at the respective temperature. For 
comparison, another value obtained in this laboratory by following the same procedure as 
given above but in air with the unprotected spongy copper electrode is also inserted. Under 
these conditions the E,'—»/* plot was found to lie below that of the protected electrode. 


TABLE V. 

Type of electrode. E,. E, (corr.). 
Spongy cop 0-3469 0-3453 
Copper amalgam 0-3502 — 
Copper crystal 0-3475 0-3414 
Copper amalgam 0-3498 0-3437 
Spongy copper (protected) —_ 0-3457 
Spongy copper (unprotected) — 0-3420 


3 J. Amer. Chem. Soc., 1929, 54, 1315. * Loc. cit., 1930. 


The data in Table V show that the value obtained with Getman’s crystal copper electrode 
approaches closely the value obtained in this investigation in air. The values obtained with the 
copper amalgam electrodes are somewhat higher and are also very close to each other before 
correction. The only value which could be corrected by assigning the most recent value to the 
mercury—mercurous sulphate half-cell is that of Getman, and it is remarkable that it is somewhat 
higher than the value obtained in air but lower than that obtained out of contact with air in this 
investigation. It is apparent that the higher values obtained with the amalgam electrodes in 
air are due to the decreased tendency of copper in them to be oxidised. In this connection 
reference may be made to the higher and lower potential values ebtained respectively with 
cathodically and anodically polarised copper electrodes (Newbery, Joc. cit.). 

Possible Errors.—All our weights, volumetric apparatus, etc., were carefully calibrated. The 
standard cell which served as the standard of the electromotive force had been calibrated by 
the N.P.L. and was correct to 0°0001 volt. The value of the mercury—mercurous sulphate 
electrode is also accurate to the fourth decimal place. The concentration of each of our solutions 
as determined by analysis is accurate to 0°01%. The e.m.f. measurements were carried out by 
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using a calibrated metre bridge on which readings accurate to 0°02 cm. could be easily read. 
From this the accuracy of measured e.m.f. values is limited to 0°0004 v., which is the 
maximum error. 

The Activity Coefficient of Copper Sulphate Solutions.—By introducing the value of E, into 
the equation E, = E — 0-06005 log fm, the values of the activity coefficients at different 
concentrations can readily be calculated. The values thus computed are given in col. 2 of 
Table VI as compared with the values obtained by Getman from the amalgam and the crystal 
electrode. In col. 5 of the table are given the values of the activity coefficients computed from 
freezing-point data. 


TaBLe VI. 
From From Cu From Cu From From Cu From Cu 
this amalgam crystals From this amalgam crystals From 
M. investn. (Getman).(Getman). f. p. M. investn. (Getman).(Getman). f. p. 
100. 0-043 0-045 0-041 0-07 0-161 
0-70 0-052 0-05 0-191 0-217 0-203 0-206 
0-50 0-061 0-065 0-060 - 0-62 0-296 0-317 0-305 0-295 
0-20 0-096 0-105 0-100 a 0-01 0-411 0-438 0-418 0-396 
0-10 0-135 0-154 0-144 0-158 
Fovuap I Unrversity, FAcuLTy oF SCIENCE, 
BASSIA, CAIRO, EGYPT. (Received, April 2nd, 1947.] 


147. Studies on Some Metal Electrodes. Part II. The Behaviour of 
the Copper Electrode in Dilute Copper Sulphate Solutions. 
By A. Rrap Tourxky and S. E. S. Ev Waxkap. 


lotting the equilibrium potentials obtained with the —_ copper electrode in copper 
ctstade solutions of different dilutions (3-85 x 107 to 3-8 x Of a) against log agy++, curves 
are obtained which manifest a sudden break at ag,++ ~10. This is nearly always the case 
i ive of whether the measurements are made in or out of contact with air. In copper 
sulphate solution in contact with the metal there are cupric and cuprous ions. By plotting the 
calculated Cu/Cut* and Cu/Cu* potentials, the former for activities higher and the latter for 
activities lower than 1 x 10, against log ao,++ of the original solutions, a theoretical curve is 
obtained showing the same break at ~ 10-5, the difference being attributed to uncertainties in 
the activity values, the volumetric dilutions, etc. Taking ~10~‘ instead of 10-* as the 
equilibrium constant for the reaction Cu + Cut+ => 2Cut, a break in the theoretical curve 
far removed from that in the experimental one is obtained, indicating that the lower value is 
probably the more correct. From the present study it is concluded that in order for an electrode 
to function as indicator electrode for its ions in solution, the activity of these ions ought not to 
be smaller than the activity provided by the solubility of the oxide on the metal. e must, 
therefore, be guided by the pH range within which the oxide persists on the metal, the 
solubility of that oxide, and, in cases such as that of copper, by the equilibrium constant of the 
reaction between the different ions in contact with the metal. 


CoNSIDERABLE interest has recently been taken in the study of the behaviour of metal electrodes 
in very dilute aqueous solutions of their ions (McAulay and Spooner, Proc. Roy. Soc., 1932, A, 
188, 494; Miller and Durichen, Z. physikal. Chem., 1938, A, 182, 233, where other references 
may be found). Investigations along these lines are not only of significance for providing 
information as to the limits of applicability of the Nernst equation to the different electrode 


systems, but are also of value in that they may throw light on the general problem of electrode 
mechanism. 


EXPERIMENTAL. 


ing to the increased solubili hate solutions, it was 
pager le to use the same type of cell without liquid junction as that used in I. Instead, a cell 
followed. The sulphate solutions used were 3-85 x 10° to 3-8 x 10°*m. Their copper content 
was determined whenever possible by electrodeposition. Otherwise, the solutions were prepared only 
by volumetric dilution using the device described in Part I. In order to minimise uncertainty due to the 
process of dilution, each solution was prepared at least twice from two more concentrated ones the 
copper content of which was accurately known. The dilutions were then considered valid when 
the measured e.m.f. values agreed with each other within reasonable limits. activities of the more 
concentrated solutions were calculated from a graph plotted according to data obtained in Part I. The 


measurements were carried out either in or out of contact with air. In the latter case the same 
procedures described in Part I were applied. 
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RESULTS AND DISCUSSION. 


By plotting the equilibrium potential values as referred to the standard hydrogen electrode 
against log ag,++, a curve as shown in Fig. 1 (A—B) is obtained. This reveals a sudden break 
at an activity of Cutt = 10“. Repeated experiments with solutions diluted from different 
copper sulphate solutions always indicated the same break at about the same activity. This 
occurred also when the measurements were made in air. Calculations of the standard potential 
from measurements obtained with the protected electrode before the break (line A), yielded a 
value which approached very closely the value previously obtained out of contact with air 
(Part I). After the drop, in the more dilute solutions, the measured potentials varied in a 
normal manner and were found to lie on a more or less straight line B, possessing a steeper 
slope than the line A. In air the curve corresponding to B was not so straight and was in 
general less steep (B’ in Fig. 2). 

One can attribute the break either to the removal of cupric ions by hydrolysis and formation 
of colloidally dispersed phase, or to the progressive formation of cuprous ions by interaction 


Fie. 1. 
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E, millivolts. 


200° 


100+ 


Cu 


between electrode and electrolyte solution. Trials to prevent the first possible effect, by 
addition of quantities of sulphuric acid just sufficient to repress hydrolysis without making the 
solution too acid, failed to effect any noticeable change, so one has only to consider the effect of 
cuprous-ion formation. 

The equilibrium constant of the reaction Cu + Cut+ @ 2Cu* has been determined by 
Luther (Z. physikal. Chem., 1901, 36, 385), Bodlander and Storbeck (Z. anorg. Chem., 1907, 31, 
1, 458), and Fenwick (J. Amer. Chem. Soc., 1926, 48, 860), giving the respective values 1°5 x 10-*, 
1:6—2°0 x 10“, and 4 x 10°. Luther worked with sulphate solutions in which he titrated 
the cuprous salt formed; he neglected the influence of complexes which, as Abel (Z. anorg. Chem., 
1901, 26, 361) has pointed out, are not negligible in such solutions. Bodlander used a solubility 
method in chloride and bromide solutions for which it was necessary to make somewhat 
uncertain corrections. Both authors calculated their results on the basis of ionic concentrations. 
Fenwick carried out her measurements in perchlorate and sulphate solutions and calculated the 
results in terms of activities. The agreement between the values of Luther and of Fenwick can, 
therefore, be considered as more or less fortuitous. If now we calculate with the help of 
Fenwick’s value the cuprous-ion activity in the copper sulphate solutions in contact with the 
metal, we obtain values such as those in col. 2 of the table. In col. 3 of this table are contained 
the calculated potentials if the solutions contained only the calculated amounts of cuprous ions. 
In these calculations E, was set equal to 0°522 at 30°. The redox potentials as calculated from 
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Cu/Cut. Cut /Cut*, Cu/Cut*, 
1 1 x 10° 0-342 0-349 0-3455 
1 x 107 3-162 x 10 0-312 0-319 0-3155 
1 x 10? x 0-282 0-289 0-2855 
1 x 10° 3-162 x 10°5 0-252 0-254 0-2555 
1 x 10 1 x 10° 0-222 0-229 0-2255 
1 x 10° 3-162 x 10° 0-192 0-213 0-2025 
1 x 0-162 0-151 0-1565 
1 x 107 2 x 10-7 0-120 —_— _ 
x 1077) 

1 x 10°8 x 10° 0-060 
d x 10-7) 

1 x 10° 2 x 10° 0-000 — — 
(3-162 x 10°) 


the relation E = 0°169 — 0°060 log agy++/ag,+ at 30°, and which should be set up owing to the 
presence of both species of ions, are shown in col. 4. In these calculations a,,++ was put equal 
to the total copper-ion activity, as it remained practically unchanged by subtracting the amounts 
transformed into Cut owing to their comparatively low values. At higher dilutions 
(Cu** = 1°0 x 10-5n), this was no longer permissible. The value of 0-169, representing E, for 
the Cu*-Cu** couple, was obtained by subtracting the standard potential of the Cu-Cu* from 
twice the standard potential of the Cu-Cu** couple as obtained in Part I. In the last column 
are contained the calculated Cu-—Cut* potentials for each solution as calculated from 
4(Eou, cut + Egat, out+)- 

From the reaction Cu + Cu++ —-> 2Cut, it is evident that half the amount of Cut is supplied 
from the metal and the other half from the Cu** ions. At ag,++ = 1 x 10° and 1 x 10+, 
respectively, where it was not permissible to use the original total Cu** for calculating the 
redox potential Cut-Cu**, ao,++ was calculated by subtracting half the amount of a9,+ from 
the original total ap,++. At.greater dilutions than ap,++ = 1 x 10°, half the calculated 
amount of ag,+ exceeded the original total ag,++, so the method fails. At such dilutions it was 
necessary to assume that the total amount of Cu** has been transformed into Cut, the amount 
of which was accordingly set equal to twice ao,++ (figures in parentheses in col. 2) and 
the electrode was supposed to function only as a Cu-Cut electrode. By plotting the calculated 
Cu-—Cu** and Cu-—Cu* potentials, the former for activities higher and the latter for activities 
lower than 1 X 10° doy++, against the logarithms of a9,++ of the original solutions, we obtain 
the curve shown in Fig. 1 (A’—B’) which we shall designate as the theoretical curve for 
differentiation from the experimental curve in Fig. 1 (A—B). As can be seen, both curves are 
of the same shape, the drops occurring, however, at a4p9,++ = 1 x 10 in the theoretical curve 
instead of about 2°0 x 10~ in the experimental one. 

By extrapolating the part B’ of the theoretical curve to log a = 0, we obtain the value of 
0°542 v. as compared with the value of 0-522, the standard Cu-—Cu* electrode potential. The 
difference is to be attributed to the fact that the potentials were plotted against ap,++ throughout 
the whole range instead of ap,+ at concentrations below 1 x 10*. By making the necessary 
corrections and plotting against ao,+ after the break, extrapolation leads to the value of 0°522, 
which is the standard Cu-Cu* electrode potential. In the case of the experimental curve, 
extrapolation of the portion B leads to the value of 0°602 v. The difference between both curves 
is to be expected owing to the uncertainties involved in evaluating the activities, the volumetric 
dilution, and the functioning of the electrode at the greater dilutions (where the pH values. 
approach neutrality) as a metal-metal oxide electrode. 

By using Bodlander and Storbeck’s value of K for calculating the cuprous-ion activity in 
contact with the metal and proceeding in the same manner as above, two lines are obtained 
which intersect at a point far removed from the experimentally found one (between ao,++ 
1 x 10° and 1 x 10° on the abscissa of the theoretical curve). The present measurements 
provide therefore a further substantiation for the lower equilibrium constant due to Luther and 
Fenwick. 

By comparing the potential set up in the most dilute solution of 3-8 x 10-*m-copper sulphate 
with the potential set up in pure water it is found that the difference amounts only to 11°1 mv. 
McAulay and Spooner (loc. cit.) found that the potential of a cadmium electrode was independent 
of the concentration of the cadmium ions in solutions lower than 10m; they advanced a 
theory according to which the strongly polar water molecules, owing to their heat motion, 
bombard the metal, with the result that a stream of ions is drawn into the solution to a mean 
distance, ¢, from the electrode surface. Equilibrium is then reached when their removal is 
balanced by their migration back under the field produced by their abstraction. As a 

3D 
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consequence, the electrode potential will be independent of all changes in the character and 
constitution of the solution provided that the concentration of the electrode metal ions in the 
bulk solution is less than that in the layer. Miiller and Durichen (Joc. cit.), on the other hand, 
attributed the value found by McAulay and Spooner to the formation of a cadmium hydroxide 
film on the electrode, giving a cadmium-ion concentration of 10%? as calculated from the 
solubility product of cadmium hydroxide, i.e., 2°1—2°4 x 10-%. It is, therefore, reasonable to 
assume that, in an ideal case, the potential set up between an electrode and a very dilute solution 
of its salt is governed by the solubility product of its oxide, provided of course that the oxide 
under the prevailing conditions can persist in the medium. Otherwise expressed, when an 
electrode is immersed in a solution of such a dilution that the ions present are greater than the 
ions supplied by the solubility product of the metal hydroxide, then the electrode will respond 
accurately to the activity of these ions. If, on the other hand, the ion activities are made less, 
the electrode will not respond to their variations, since it will always respond to the ions 
originating from the solubility of its oxide. 

From the evaluation of the solubility product of cuprous hydroxide in contact with the 
metal even out of contact with air (Part I), there is a copper-ion activity close to the metal in 
water amounting to about 10-7. This value closely approaches the limiting values at which the 
electrode does not seem to show variations in potential with decreasing activities of copper ion. 
This is shown by the horizontal trend of the extension of the curve B’ in Fig. 2 at the maximum 
dilution. We conclude, therefore, that the present study shows that, in applying a metal 
electrode as indicator electrode for its ions in solution, one must be guided by the pH range 
within which the oxide can persist on the metal, the solubility of that oxide, and, as in the case 
under consideration, the equilbrium constant of the reaction between the different ions in 
contact with the metal. 


Fovap I UNIVERSITY, FacuLty oF SCIENCE, 
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148. Studies on Some Metal Electrodes. Part III. Does the Antimony 
Electrode behave Simply as a Metal—Metal Oxide Electrode in Air ? 


By A. Rrap Tourky and A. A. Mousa. 


Consideration of the values assigned by different authors to the term E,’ of the antimony 
electrode reveals that values approaching the thermodynamic one of 0-140 v. are only obtained 
when the finely divided metal is involved in the electrode system; otherwise, values more 
positive by ~100 mv. are obtained. This is explained by postulating that the behaviour 
of the electrode in air is governed by an oxygen overvoltage effect due to the persistence on 
its surface of oxygen doublets. The overvoltage effect is in harmony with the results of 

vious investigations on thin films on metal surfaces as affecting their electrochemical 

viour, and explains satisfactorily the behaviour of massive and electrodeposited elec- 
trodes at the steady states in air. It is suggested that as such the antimony electrode should 
be distinguished as a metal-metal oxide-oxygen electrode. 


EXAMINATION of the vast amount of literature on the antimony electrode reveals that, although 
most authors agree that it can function satisfactorily as an indicator electrode in acid—base 
‘titrations, yet it cannot serve for the accurate determination of pH unless it is previously 
calibrated. This is generally based on the fact that the electrode does not always follow a 
theoretical relation, as should be the case if it functioned properly as a metal-metal oxide 
clectrode. The disparity in the values pertains not only to the term E,’ or to AE/ApH, but 
also to the range'of pH within which the electrode functions as an indicator electrode. 

In this and the following paper the attempt is made to clarify the situation by comparing 
the behaviour of that electrode in and out of contact with air, taking into account the ampho- 
teric and other properties of the oxide(s) formed on the metal. Studies upon these lines have 
not been made before, but, as will be seen, they lead to a fruitful theory with the help of which 
the mechanism of this and other similar electrodes may be explained. 


EXPERIMENTAL. 


Electrodes.—The electrodes used were of two : a stick antimony electrode, and electrodes 
prepared by deposition on bare platinum, the deposition being made immediately before each measure- 
ment. We shall designate the two by the letters A and B, ye ying © Electrode A consisted 
of a rod of pure antimony (from Hellige, in Freiburg) 3 cm. long and 0-7 cm. in diameter, fitted tightly 
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at one end of a glass tube that could be filled with mercury. Before each measurement, the electrode 
was polished by very fine emery paper and then by a soft cloth, whereby it attained a smooth bright 
surface. It was then rinsed with distilled water and dried with filter-paper. Electrodes B were pre- 
pared as recommended by Shoch and Brown (J. Amer. Chem. Soc., 1916, 38, 1660) by deposition on 
platinum plates 1 x 1-2 cm. from a solution prepared by dissolving about 0-1 g. of chemically pure 
trioxide and about 2 g. of hydrazine hydrochloride in 20 c.c. of pure concentrated hydrochloric acid, 
the solution being quickly diluted to 250 c.c. As an anode, an antimony button, p by reducing 
the purest pentoxide in sodium cyanide was used. Electrolysis was effected at 60—70°, using a current 
density of 0-50 amp./cm.*. The process of deposition required about 6 hours, and the deposit consisted 
usually of bright grey minute crystals which adhered firmly to the platinum base. 

Buffer Solutions.—Clark and Lubs’s buffers (Clark, ‘‘ The Determination of Hydrogen Ions,’’ London, 
1928, pp. 192 et seg.) covering the pH range 1—10 were used. Roberts and Fenwick (J. Amer. Chem. 
Soc., 1928, 50, 2125), in examining their antimony electrodes in this series at 25°, questioned the validity 
of the temperature coefficients assigned by the respective authors; it was therefore necessary to deter- 
mine the pH values of the buffers at the working temperature of 30° + 0-02°, using the hydrogen 
electrode, and in buffers of pH <8 the Bae ee pe electrode as well. As a reference electrode a 
saturated calomel half-cell was used, the E, pH of which was determined as in Part I. By correcting 
the hydrogen pressure at 30° to 728-2 mm., taking the vapour pressure of the solution at this tem- 
perature as equal to 31-8 mm., and using the relation proposed by Clark (op. cit., p. 262), a correction 
in the measured e.m.f. values of only 0-56 mv. was introduced. Taking the mean values of several 
determinations, values at 30° were obtained which did not diverge from the corresponding values at 
20° by more than 0-05 pH unit. The values at both temperatures are shown in Table I. 


TaBLeE I. 
pH at 20° ...... 1-00 1-50 2-00 3-00 4-00 5-00 6-00 7-00 8-00 9-00 10-00 
PH at 30° ...... 0-95 1-45 1-95 3-00 3-99 5-00 6-01 7-01 8-00 8-99 10-01 


Preparation of Materials.—The water used for recrystallisation of salts and preparation of stock 
solutions was twice redistilled and then boiled and cooled before use. Its conductivity was checked 
on different occasions and was on the average 2-5 x 10°*. The sodium hydroxide was prepared and 
dissolved in the complete absence of carbon dioxide. The hydrochloric acid was diluted from constant- 
boiling acid prepared as recommended by Foulk and Hollingsworth (J. Amer. Chem. Soc., 1923, 45, 
1220), and was standardised gravimetrically by way of silver chloride. The potassium chloride was 
— by five crystallisations of the chemically pure product and then dried at 120° for two days. 

e potassium hydrogen phthalate was three times crystallised below 20° as recommended by Dodge 
(ibid., 1920, 42, 1655) and then dried to constant weight at 110°. Pure potassium phosphate was three 
times crystallised and dried to constant weight at 110°. Boric acid was three times crystallised and 
air-dried below 56°. 

The hydrogen was oo pe electrolysis of sodium hydroxide solution between nickel electrodes 
and was purified as in Part I of this series. 

Electrical Measurements.—These were ormed in the same manner as in Part I. 

Results.—(1) Consideration of the variation of potential with time for both electrodes shows that: 
(a) From the time of immersion in the unstirred solutions, the potentials become nearly steady in 
almost all buffers within 1—2 hours. The steady states usually persist, however, only for a further 
1—2 hours, after which further drifting occurs. This continues for about 20 hours, and — 
equilibrium values are then reached which remain practically constant for several hours. (6) The 
steady-state values obtained with both electrodes approach each other closely in buffers with the same 


pH and are almost always higher than the corresponding apparent equilibrium values which on the 
whole also pencee each other. 


(2) By plotting the steady state values (obtained after 1—2 hours) against pH, curves are obtained 
(Fig. 1) which are straight lines only within the pH ranges 1-90—7-25 and 1-90—7-00 with the two types 
of electrode er . By comparing the straight portions with each other and with the theoretical 


plot, it is found that they slopes of 0-0586 and 0-0647 respectively and thus differ both from 
one another and from the theoretical slope (0-0601 at 30°). 


(3) By plotting the apparent equilibrium values (obtained after about 24 hours) against pH, 
irregular curves (Fig. 2) rather than straight lines are obtained which possess, however, the same trend 
and run nearly parallel to each other. 


Discussion. 


From the present data it is not possible to provide a satisfactory explanation for the 
irregular trend of the potential-pH curves as shown in Fig. 2 as compared with the almost 
straight lines shown in Fig. 1 although the potentials in the former case were apparent equil- 
ibrium values whereas in the latter they were but averaged steady states. Discussion of the 
above behaviour of the electrode is therefore deferred to Part IV, and only a preliminary dis- 
cussion of certain matters emerging from this and other work is now attempted. 

Owing to the fact that the antimony electrode does not always follow a theoretical relation, 
as it should if it functioned properly as a metal-metal oxide electrode, it might appear that 
‘the value of the term E,’ of any particular electrode is useless except for deriving (together 
with value of AE/ApH) the calibration relation on the basis of which observed e.m.f. values 
can be accurately converted into pH. Careful examination of available data (Table II) reveals, 
however, that the E,’ values assigned by the different authors, as referred to the hydrogen 
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electrode, fall into two categories. ~ The first comprises the majority of values, which lie within 
the limits 0°220—0-275 v., with most values at about 0°250 v.; and the second comprises 
values about 100 mv. lower, i.e., at ~0°150 v. The measurements leading to the former values 
were mostly made in air with massive or electrodeposited metal with or without the trioxide. 
Those leading to the latter values were essentially the same except that finely divided metal 
was also involved in the electrode system used. We made some experiments following the 
same procedure and obtained essentially the same low E,’ values. The phenomenon was also 
studied in this laboratory in greater detail with arsenic electrodes, with the same results, viz., 
two sets of values were obtained with ~100 mv. difference depending on the presence or absence 
of the finely divided metal. We shall report on these interesting results in a subsequent 
publication. 

It is now desirable to find out which of these values agree with that theoretically calculated 
in case of the antimony electrode. There is no agreement among the different authors as to 
whether antimony trioxide or any other definite oxide is the one governing the mechanism of 


Fic. 1. Fic. 2. 
AB 
- 5007 1-600 
}-500 


012345678939 W0123456789 
pH. pH. 

the electrode. The trioxide, being the stable oxide in contact with the metal, is probably 
first formed and when left in contact with air and water may undergo gradual oxidation (Wulff 
et al., Z. Elektrochem., 1935, 41, 542) so as to become covered with higher oxides. For antimony 
trioxide, the free energy of the reaction 2Sb + 140, = Sb,O, is — 149,030 cals. (Latimer, 
‘‘ Oxidation Potentials,’’ New York, 1938, p. 109). The free energy of the reaction O, (gas, 
N.T.P.) + 3H,O = 6e + 6OH’ as computed by Lewis and Randall (‘‘ Thermodynamics,” New 
York, 1923, p. 485) is 56,560 cals. Hence for the reaction 2Sb + 6OH’ = Sb,O, + 3H,O + 6¢ 
the free energy change AF is 92,480 cals., and accordingly E = — 0°688 v. at 25°. 

The potential of the hydrogen electrode system at unit pressure of hydrogen and unit 
activity of hydroxyl ion is — 0°828 v. at 25°. Hence E,’ for the system Sb-Sb,O,—OH is 0°140 v. 
at 25°. Similar calculations show that E,’ for the systems Sb-Sb,0O,-OH and Sb-Sb,0,-OH 
is 0-338 and 0-389 v., respectively. 

The above results indicate that only the experimentally found lower E,’ values are in fair 
agreement with that calculated for the trioxide, whereas the others are higher than this but 
are much lower than those calculated for the other two oxides. One cannot, however, conclude 
that the electrode process in the latter case is governed by the presence of a mixture of the 
trioxide and a higher oxide for the following reasons : (a) The higher E,’ values fluctuate round 
0-250 v. which would require the presence of a nearly definite ratio of both oxides in all types 
of electrode under a wide variety of experimental conditions. (6) The values are derived on 
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II. 
Ref. no. Electrode type. Relation assigned (hydrogen scale). pH range. 
1 Plated-metal powder ............ —0- H 25° Strong acid 
85p ° 
4 Metal powder on platinum ... {91513 0-0585pH 25° 2-210 
5 0-231 —0-054p 25° 4—9 
6 0-229 —0-057pH 26—29° 2 —12 
7 (No accurate relation) 
8 0-165 —0-043pH 18° Neutral range 
9 (No accurate relation) 
10 0-272 —0-053pH 14° 3 —9 
ll 0-252 —0-0498pH 30° 
12 0-257 —0-053p 14° 
13 0-251 —0-059pH 25° 2—7 
14 0-261 —0-0575pH 24° 
15 0-258 —0-0567pH 20° 2 —12 
16 0-249 —0-0538pH 10—25° 1 —9 
17 0-269 —0-059p 25° 2-5— 8-5 
18 - 0-237 —0-059pH 25° 1 —11 
19 0-262 —0-056pH 18° 5 —7 
20 (No accurate relation) 
21 (Electrode functioning more likely 
as an oxygen electrode) 
23 0-224 —0-0586pH 1-9—7-25 
0-220 —0-0647pH 1-9—7-00 


References.—(1) Schuhmann, J. Amer. Chem. Soc., 1924, 46, 52. (2) Kolthoff and Hartong, Rec. 
Trav. chim., 1925, 44,113. (3) Franke and Willaman, Ind. Eng. Chem., 1928, 20, 87. (4) Roberts and 
Fenwick, loc. cit. (5) Snyder, Soil Sci., 1926, 26, 107. (6) Lava and Hemedes, Phillipine A igri. 1928, 
17, 337; Chem. Abst., 1928, 2125. (7) Kolthoff and Ishimaru, ‘‘ Potentiometric Titrations,’’ New York, 
1931, p. 238. (8) Brinkman and Buytendiyk, Biochem. Z., 1928, 199, 387. (9) Di Gleria, Kiserlet, and 
Kézlemenyak, see Chem. Abstracts, 1931, 3271. Ph on, Shukoff and Awsejewitsch, Z. Elektrochem., 
1930, 35, 348. (11) Harrison and Vridhachalam, M vy eg: India Chem. Serv., 1929, 10, 157. 
(12) Britton and Robinson, J., 1931, 458. (13) Rute and J. Amer. Chem. Soc., 1932, 54, 856. 
(14) King, Ind. Eng. Chem. ‘Anal., 1933, 5, 323. (15) Tomiyama, J. Biochem. (Japan), 1933, 18, 285. 
(16) Memura and Sueda, Bull. Chem. Soc. Japan, 1933, 8,1. (17) Mehta and Kulkarni, J. Indian Inst. 
* Sci., 1935, 18A, 85. (18) Bravo, Chim. e Ind., 1935, 17, 521. (19) Fischbeck and Eimer, Z. Elektro- 

chem., 1938, 44, 845. (20) Tamai, J. Biochem. (Japan), 1939, 29, 307: (21) Kauko and Knap eit 
Suomen Kem., 1939, 12B, 17; Chem. Abst., 1939, 6726. (22) Perley, Ind. Eng. Chem. Anal., 1939 
319. (23) Present investigation. 


the basis of initial steady-state values, and it is plausible to assume that there has not been 
sufficient time for a lower oxide to be formed on the metal and then to be transformed in part 
into a higher oxide. This state, on the other hand, may be realised after longer periods of 
time but the potentials then obtained do not lead to a straight-line relationship. (c) Arsenic 
electrodes of similar types lead to similar results. 

Owing to the above facts, the suggestion is made that the behaviour of massive and electro- 
deposited antimony electrodes in air is governed by an oxygen-overvoltage effect which is 
superposed upon the reversible Sb-Sb,O,-OH potential, making it more positive by ~100 mv. 
Further evidence for the theory, and the way in which this effect is brought about, is given 
in Part IV. Meanwhile, the following rough picture may be used to interpret the variation 
of potential of the antimony electrode with time. Considering electrodes A and B after immer- 
sion, it is highly probable that in the presence of water dipoles and other ions some time will 
be required for oxygen molecules from the atmosphere to accommodate themselves at suit- 
able positions.on the electrode surface. Since atmospheric oxidation is generally believed to 
involve primarily an electron transfer from the substance to be oxidised to oxygen molecules 
(Weiss, Trans. Faraday Soc., 1938, 34, 1053), there will arise a sort of dipole layer on the 
electrode surface with charged oxygen atoms on its outer side (oxygen doublets). Once this 
condition is approximately satisfied, the electrode process will mainly be limited to the entry 
and exit of electrons subject to an oxygen overvoltage, and there arises a steady state as 
revéaled by the behaviour of the electrodes after 1—2 hours. At this stage, the electrode is 
neither a metal-metal oxide nor an oxygen but rather a metal-metal oxide-oxygen electrode. 

The film formed is not completely impervious to metal ions, for otherwise the electrode 
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should behave as an oxygen electrode. Local action processes by which the metal is anodically 
dissolved and oxygen cathodically transformed into hydroxyl ions may therefore take place, 
resulting in development of the metal oxide on the electrode surface. This leads in turn to 
a slackening of local action processes and there arises a state of apparent equilibrium as revealed 
by the electrodic behaviour after 20—24 hours. The development of a layer of the trioxide 
does not imply that the electrode will not be still governed by an oxygen-overvoltage effect. 
Antimony in the trioxide possesses an open structure and tends to be oxidised further in the 
presence of water and air. The mechanism leading to the oxidation of the metal may, there- 
fore, still apply to the trioxide, which has been found to be transformed into the higher oxides 
without appreciable changes in the geometry of the crystal lattice: as shown by Simon (Z. 
anorg. Chem., 1927, 165, 31), the trioxide becomes denser by only about 8% when converted 
into the tetroxide. 

The overvoltage effect observed and leading to an increase in the E,’ by ~100 mv. is in 
accord with the results of Langmuir’s investigations on thin films on metal surfaces (J. Amer. 
Chem. Soc., 1916, 38, 2221), for he found that films of a gas can strongly influence the electron 
emission of pure metals, in the sense of a decrease when the gas is liable to be bound on the 
surface as negative ions, and an increase when it forms positive ions. Bowden and Rideal 
(Proc. Roy. Soc., 1928, 120, 59) found that it required the passage of 6 x 10-7 coulombs of 
electricity per cm.” of accessible electrode surface, a quantity which was independent of the 
nature of the cathode material, in order to change the potential of the cathode by ~100 mv. 
at 25°. If these values in the appropriate units are substituted in the Helmholtz equation 
AE = 4rAny, where AE is the increase in the interfacial potential resulting from the addition 
of An electric doublet of dipole moment p to a double layer, then it is found that yu is equal 
to 7:2 x 1078 c.s.u., which is the product of the charge of an electron and the approximate 
dimensions of an atom, viz., 4°77 x 10° e.s.u. and 1°5 x 10° cm. 

By involving the powdered metal in their electrode systems, Schuhmann (loc. cit.) and 
Roberts and Fenwick (loc. cit.) obtained E,’ values closely approaching the theoretical one. 
The fact that an electrode system in the form of a mat of the finely divided metal on bare 
platinum, or the mere introduction of the powdered metal together with the massive electrode, 
should set up the thermodynamic potential, is noteworthy. However, as far as could be 
gleaned from the literature, the importance of this phenomenon has never been emphasised 
beyond the statement made incidentally by Richards and Lewis (Z. physikal. Chem., 1899, 28, 1), 
who implied that the most reliable results for the normal electrode potentials of zinc and 
cadmium were obtained by using a mat of the powdered metal on bare platinum. 
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149. Studies on Some Metal Electrodes. Part IV. The Behaviour 
of the Antimony Electrode out of Contact with Air. 
By A. Riap Tourky and A. A. Mowsa. 


Examination of the behaviour of antimony electrodes prepared by electrodeposition and 
subjected alternately to hydrogen gas and to high vacuum at ~350° in buffer solutions of pH 
1—10 shows that equilibrium values are quickly attained which remain constant for several 
hours. The potential-pH curves obtained consist of four parallel lines separated from each 
other by steeper slopes starting at about pH 2, 5, and 8. In the light of the amphoteric pro- 
— of antimony trioxide (see following paper), the curve is regarded as a titration curve, 

t of the triatid base and then of the monobasic acid. From this and other observed 
phenomena, the conclusion is drawn that, by the process of reduction, only those oxygen 
doubtlets leading to the overvoltage effect in air are removed but not the underlying layer of the 
trioxide. The results obtained with the electrode out of contact with air substantiate further 
the suggestion that in air the electrode is governed by an overvoltage effect due to the presence 
on its surface of oxygen doublets. These when present mask the amphoteric properties of the 
— and lead to a straight potential-pH relationship as that based on the steady state 

ues. 


In Part III (preceding paper), it was suggested that massive and electrodeposited antimony 
electrodes behaved in air as metal-metal oxide-oxygen rather than as metal-metal oxide 
electrodes. The variation in potential with time and the straight potential-pH relationship 
as based on the first steady state values, and also the values of E,’ higher by ~100 mv. than 
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the thermodynamic one when working with these electrodes, all could be explained by assuming 
the presence on the electrode surface of oxygen doublets leading to an oxygen overvoltage 
effect. The object of the present work was to find out whether further substantiation for the 
theory could be obtained by studying the behaviour of the electrode in the same set of buffers 
as those used in Part III but after it had been subjected alternately to the reducing action of 
hydrogen and to high vacuum. By this treatment the complexity of the surface structure 
leading to the peculiar behaviour of the electrode in air might be reduced, with the result that 
it would manifest only such properties as could be expected from a homogeneous surface field. 


EXPERIMENTAL. 


The antimony electrodes were prepared by electrodeposition as in Part III (loc. cit.) on platinum 
plates that were sealed into electrode jackets such as were used in Part I (this vol., p. 740); the procedures 
adopted for purifying ae np: reduction, evacuation, and exclusion of oxygen from the solutions were 
also essentially the same. In order to ascertain that the process led to reproducible conditions on the 
electrode surface, some electrodes were subjected to . 
different treatments with respect to the time of ~-600r7 
exposure to hydrogen and high vacuum within the 
temperature range 300—400° and were then examined 
in the same buffers. It was found that electrodes -500 
heated three times alternately in the presence of 
hydrogen for 4 hours and subjected to vacuum for 
1 hour gave practically identical results with elec-  ~—400 
trodes heated alternately for 6 hours and subjected 
to vacuum each time for 2 hours at 350°. This 
temperature was also considered high enough to 
exclude the possibility of formation of stibine, which 
decomposes completely at 150° (Stock and Doht, 
Ber., 1901, 34, 2339). The buffer solutions were the 
same as those used in the previous paper. 

Results.—With antimony electrodes prepared and 
treated as above, equilibrium values were attained in 
all buffers within 15—20 minutes which remained 
ape pl constant for the next 20 hours, the time 

imit of experiments. The maximum deviation re- 0 
corded during that ge was only ~11 mv. at about 

the neutral point. By plotting the potentials attained 

after equal periods of time against pH, curves were +100 
obtained such as that shown in the figure, which 

instead of being a single straight line consisted of 

four parallel lines separated from each other by +200 
steeper slopes starting at about pH 2, 5, and 8. The 
first portion of the curve representing the measure- oo’? 2 2s @s 
ments up to about pH 2 was not quite regular; the PH. 
other three portions had slo of 34-1, 32-4, and 

23-2 as compared with the values of 100-1, 98-4, and 109-6 v. respectively for the steeper inflections. 
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DIscusSsION. 


Practically every metal becomes coated with an oxide film when exposed to air. Realising 
that compact film growth on a variety of metals is brought about mainly through the diffusion 
of metal ions and electrons through the oxide lattice towards the solid-gas interface, Jost 
(‘‘ Diffusion und chemische Reaktion in festen Stoffen”’, Dresden and Leipzig, 1937; Ann 
Arbor, Michigan, 1943, p. 149), Price (Chem. and Ind., 1937, 56, 769), and Hoar and Price 
(Trans. Faraday Soc., 1938, 34, 867) conceived a metallic surface undergoing oxidation as a 
current-producing cell with the metal, film, and film-attacking substance interfaces as cathode 
and anode respectively, the film being both electrolyte and external circuit. Oxide films on 
metals such as copper or iron at room temperature attain considerable thicknesses and it is not 
necessary to assume other mechanisms than the above for their growth, provided that they 
remain free from holes and cracks. Compact oxide films on metals such as aluminium, on the 
other hand, attain thicknesses not exceeding 50—100 a. owing to their impermeability to metal 
ions and, above a certain thickness, to electrons unless these receive a thermal energy of activ- 
ation (Mott, ibid., 1940, 36, 472). The impermeability of such films manifests itself in the 
exceedingly low conductivity of the oxide in bulk (Hoar and Price, loc. cit., p. 871) and is con- 
sidered to be connected with the nature and extent of deviations from a strict order of an ideal 
ionic lattice in the oxide (Wagner, Z. physikal. Chem., 1933, B, 21, 25; Griinewald, ibid., 1938, 
40, 455; Wagner, Trans. Faraday Soc., 1938, 34, 851), its crystalline form, and its orientation 
with respect to the substrate (Barrer, ‘‘ Diffusion in and through Solids ”’, Cambridge, 1941, 
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p. 276). Diffusion anisotropy, 1.e., diffusion occurring with different velocities along different 
crystallographic axes, is not observed in cubic crystals but is to be expected in systems_with 
lower symmetry. 

The work hitherto done on tarnishing reactions is limited—as far as the authors are aware— 
to but a few metals, not including antimony. However, one can obtain an approximate picture 
of what may be expected to occur when this metal oxidises as follows: The facts that the 
volume quotient of Sb,O,/Sb is 1°50 (Fischbeck, Z. Elektrochem., 1933, 39, 316) and that there is 
an increase in the density of the oxide only by ~8% when it is transformed by uptake of oxygen 
into the tetroxide (Simon, Z. anorg. Chem., 1927, 165, 31) imply that a compact film on the 
metal will be practically impermeable to oxygen molecules and that film growth—if there be 
any—should mainly be effected through the diffusion of metal ions and electrons towards 
the solid—gas interface. Such diffusion is, however, not to be expected, since according to a 
general rule (Jost, op. cit., p. 79), in solids composed of ions of different charges, those ions will 
diffuse which possess the lower charge, i.e., in the case under consideration the diffusion should 
be limited to the slow-moving oxygen ions, a process which cannot contribute to film growth on 
the metal. The rule, which is based in observations on the diffusibility through a variety of 
salts, has recently found confirmation in the tracing of oxygen-lattice defects in the mixed 
crystals of CeO, + La,O, and PbO + Bi,O, (Zintl and Croatto, Z. anorg. Chem., 1939, 242, 
79; Sillen and Aurivillius, Naturwiss., 1939, 27, 388), which indicates that analogous defects 
may be found in simpler lattices (Wagner, ‘‘ Handbuch der Metallphysik ’’, Leipzig, 1940; 
Ann Arbor, 1944, p. 133). 

The foregoing discussion shows that antimony tends to become passivated when exposed 
to atmospheric oxygen owing to the impermeability of the film formed on its surface to oxygen 
molecules and to the non-diffusion through it of metal ions towards the metal oxide—gas interface. 
In contradistinction, with a metal such as copper, a compact oxide layer formed on its surface 
will not attain considerable thickness, and any oxygen molecules adhering to such a layer may 
remain as doublets for varying periods of time. In air the electrodic behaviour could be satis- 
factorily explained by assuming the presence on its surface of oxygen doublets, the formation 
of which, though quite feasible in the light of the statements made above about the mechanism 
of oxidation of antimony, is further substantiated by the behaviour of the electrode out of 
contact with air. 

As stated above, equilibrium values are quickly attained after immersion in almost all 
buffers (and these remain constant for several hours) when the electrode is subjected alternately 
to hydrogen and to a high vacuum at ~350°. Taking into consideration the restrictions 
imposed on the process Sb** + 3e = Sb, which renders antimony an irreversible metal electrode 
as compared, e.g., with silver, the deposition potential of which is not far removed from its 
_ dissolution potential, the constancy of the potentials observed can only be attributed to a metal- 

_metal oxide electrodic behaviour. This contention is borne out by the fact that on drawing 
the best straight line through the points in the figure, the ordinate is intersected at a value 
approaching more the thermodynamic than the value higher by ~100 mv. for the system 
Sb-Sb,0,-OH’ in air. The stepwise trend of the potential-pH curve obtained by connecting 
all points can also be accounted for by assuming the presence of antimony trioxide on the metal 
surface. This (see Part V) behaves mainly as an ortho-base below, and as a meta-acid above, 
its isoelectric point at ~pH 9. The curve with its inflections at the pH values 2, 5, and 8 
respectively can therefore be regarded as a titration curve first of the triacid base, the dis- 
sociation constants of which lie apparently far apart from each other, and then of the monobasic 
acid. 

By successively subjecting the antimony electrode to hydrogen and to high vacuum at ~350°, 
only those oxygen doublets which govern the electrodic behaviour in air, making its potential 
at the steady state more positive by ~100 mv. at 30°, are therefore removed, but not the under- 
lying layer of the oxide. This, although quite reducible when in the bulk phase, under the 
given experimental conditions apparently resists the action of hydrogen when forming a 
continuation of the metal lattice. . 

In the light of the results obtained with the electrode out of contact with air, the behaviour 
of the massive or electrolytically deposited antimony electrode in air can now be visualised as 
follows : Owing to the restrictions imposed on the growth of an oxide layer on the metal, leading 
to the formation of oxygen doublets, the electrodic process will be governed by an oxygen 
overvoltage, and all properties relating to the amphoteric nature of the oxide will be masked 
when the doublets cover practically completely the whole metal surface. This condition is 
apparently satisfied within 1—2 hours at the first steady states which are related to pH through 
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a straight line. After longer periods of immersion (20—24 hours) the properties of the oxide 
manifest themselves more pronouncedly, probably owing to its further development by the 
local action process. The curve as shown in Fig. 2 of Part III bears some resemblance to the 
curve obtained out of contact with air but indicates that the electrodic behaviour is still governed 
by an oxygen overvoltage even after this elapse of time. 

In contradistinction to copper, which functions within a certain pH range as a metal-metal 
oxide electrode, the antimony electrode does not lead to a straight potential-pH relationship 
unless it is properly governed by an oxygen overvoltage. As such, the electrode may be labelled 
as a metal-metal oxide—oxygen electrode in order to emphasise its properties as distinguished 
from those of metal—metal oxide electrodes such as copper or the protected antimony electrode. 

Vogel (Congr. Chim. Ind. Bruxelles, 1935, 15, II, 1068), with a massive electrode in air- 
saturated solutions, obtained a curve consisting of three parallel lines with the inflections at 
pH 5 and 7°5, which he ascribed to the occurrence in solution in contact with the metal of the 
three successive states of oxidation represented by SbO*, Sb** and Sb**. In the light of the 
present investigation his explanation appears unnecessary. 
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150. Studies on Some Metal Electrodes. Part V. The Amphoteric 
Properties of Antimony Tri- and Pent-oxide. 
By A. Riap Tourxy and A. A. Mousa. 


In connection with a study of the behaviour of the antimony electrode, the solubility and 
amphoteric properties of highly purified antimony tri- and pent-oxide were examined. The 
——e in water at 35° were found to be 4-48 x 10° and 2-71 x 10~ g.-mol. per 1, 

tively. 

From solubility determinations in alkali hydroxide and in acid solutions, the isoelectric 
point of antimony trioxide was found to lie at pH 8-6, whereas that of the pentoxide was within 
the acid range 1-05—-2n-hydrochloric acid. low and above its isoelectric point the trioxide 
was found to behave in solution as an ortho-base and as a meta-acid respectively. The pent- 
— - the other hand, was found to behave above the zone of its isoelectric point as a meta- 
acid only. 

In applying macro-methods for the determination of antimony in small quantities, it was 
found t, whereas the potentiometric bromate method did not yield reproducible results, 
the ordinary bromate method, as wellas the a ee method for the deter- 
mination of Sb** and the potentiometric titration of Sb*'+ with chromous chloride yielded 
highly satisfactory results: quantities as small as 1-96 x 10%, 2-07 x 10°, and 1-96 x 10 
g.-atom/l. could be determined by the last three methods respectively. 


In discussing the formation of acids and bases from the standpoint of the atomic theory, 
Kossel (Ann. Physik, 1916, 49, 303) inferred that a hydroxy-compound ROH would behave 
as an ideal ampholyte if the work of separation into the ions H* and RO~ does not differ from 
the work of separation into R* and OH~. In extreme cases at maximum differences, the 
compound behaves either as a strong acid or as a strong base. Kossel’s conclusions, as based 
on considerations of the hydroxy-compounds of elements in the second short period of the 
Periodic Table, were in conformity with known facts, though his calculations were based on 
purely electrostatic grounds and no account was taken of the deformation or hydration energies 
of the ions concerned. It is possible, however, that these energies, though affecting the single 
values, do not affect the general picture which one obtains when comparing successive elements 
in the Periodic Table. Laue (Z. anorg. Chem., 1927, 165, 325) extended Kossel’s calculations 
in a somewhat modified manner to other elements in the table. According to his views, anti- 
monic acid should be more acid than plumbic, and still more so than stannic acid, and since 
the acid properties of these compounds are much more pronounced than their basic properties 
(Tépelmann, J. pr. Chem., 1929, 121, 320; Collins and Wood, J., 1922, 121, 441), one can safely 
conclude that if antimonic acid behaved as an ampholyte, its isoelectric point should be on 
the acid side of pH 7. As to antimony trioxide, it is probable that, like other tervalent metal 
oxides, it is more a base than an acid (Lea and Wood, J., 1923, 128, 259), with its isoelectric 
point above pH 7. As will be seen below, both predictions are confirmed by experiment. 

In addition to the above oxides, the intermediate tetroxide may be formed on the metal 
at ordinary temperatures. There is evidence, however, that the only ions capable of existence 
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in solution are the ter- and quinque-valent ions (Van Vleck, Chem. Reviews, 1928, 5, 501; 
Asmussen, Z. Elektrochem., 1939, 45, 698). 


EXPERIMENTAL, 


Antimony Trioxide.—Chemically pure antimony trichloride was dissolved in the minimum amount 
of concentrated hydrochloric acid, the solution distilled in all-Pyrex apparatus, and the distillate dis- 
carded until a test drop solidified on a cold glass surface. The product was then poured into 15 volumes 
of redistilled water and kept overnight at 80°. The initial voluminous flocculent precipitate of basic 
chloride settled readily. It was washed with redistilled water, digested for 18 hours with a concen- 
trated solution of sodium carbonate, and washed with hot redistilled water four times daily for 
8 days. The supernatant liquid then had a constant conductivity, and portions of the precipitate did 
not afford hydrogen chloride when distilled with concentrated sulphuric acid. The oxide was then 
collected, dried at 100°, finely powdered, and kept in a dark glass bottle. 

Antimony Pentoxide.—Pure antimony pentoxide was prepared by a method similar to that of 
Willard and McAlpine (J. Amer. Chem. Soc., 1921, 48, 797), viz., by saturating a solution of the pure 
trioxide in moderately concentated hydrochloric acid with chlorine prepared as scmmmantel t by 
Archibald (“‘ Preparation of Pure Inorganic Compounds,”’ 1932, p. 317) foratleast 2hours. The yellowish- 
green solution was then evaporated to a small volume, cooled with ice, and saturated with pure hydrogen 
chloride, whereupon the compound HSbC1,,44H,O separated. After five recrystallisations by the 
last process, the crystals were redissolved and poured into much hot water, whereupon antimonic oxide 
separated. As this tended to peptise on repeated washing with hot redistilled water, it was purified 
by dialysis through a parchment membrane, the wash water being renewed twice daily until it failed 
to give a test for chloride (about one week). Distillation of a sample of the suspension with concen- 
trated sulphuric acid, however, still afforded traces of chloride, so portions were placed in a Pauli’s 
electrodialysis apparatus provided with platinum and copper wire gauze as amode and cathode 
respectively. On application of a current of 45 milliamps. at 100—150 volts, the specific conductivity 
of the liquid in the outer compartment decreased rapidly during the first 80 hours from an initial value 
of 2 x 10° to 5 x 10-* and then remained practically constant during the next 220 hours at an average 
value of 4-1 x 10~* after correction for the conductivity of water at 25°. The sulphuric acid distillate 
then — ——- chloride test, and the product was dried at 90°, finely powdered, and stored in a 
dark g e. 

Determination of a oe of Antimony in Solution.—Comparatively little work has been 
done on the microchemical determination of antimony in solution. The potentiometric bromate 
method seems to have been the only one applied to solutions as dilute as 0-0001N (Zintl and Betz, Z. 
anal. Chem., 1928, 74, 330). As the msthed in our hands did not yield reliable results, trials were made 
to find out whether other macro-methods could be adapted for this purpose. 

(a) Determination of Sb** with sium bromate. Unlike the electrometric method, Gyéry’s 
ordinary bromate method (Z. anal. Chem., 1893, 32, 415) led to highly accurate results. The 
worked well in the presence of 10% hydrochloric acid, with a 0-05% solution of methyl-orange as 
indicator. Blank experiments were always carried out: this precaution was essential when titrating 
with bromate solutions as dilute as 0-01N, especially at high hydrochloric acid concentrations. When 
the titration was carried out at 60°, the end-point was very sharp, and solutions 0-0001N with respect 
to Sb** could be accurately determined. 

b) Potentiometric determination of Sb** with potassium ee. -In applying this method 
(Pugh, J., 1933, 1) it was found that only sufficient hydrochloric acid should be ed to prevent form- 
ation of any basic salts, and that higher concentrations of sulphuric acid improved the results con- 
siderably. The best electrode was a perforated platinum sheet 2 x 3cm. When titration was carried 
out at 80°, the potentials very idly assu a steady value over the whole titration range. At 
the equivalence point the fall was sharp, being 300 mv. 

(c) Determination of Sb**+ with chromous chloride. Chromous chloride solutions were p and 
standardised electrometrically as recommended by Zintl and Reindcker (Z. anorg. Chem., 1927, 161, 
374) against copper sulphate solutions, the content of which was checked electrodeposition. 
When the solutions were too dilute (down to 1-73 x 10~¢ g.-atom/l1.) equilibria were only readily attained in 
the presence of 20% hydrochloric acid at 80—90°. With an indicator electrode consisting of a platinum 
rod 12 cm. long and 1-5 mm. in diameter, the satisfactory establishment of equilibria required that, 
before every titration, the rod be cleaned with hot chromic-sulphuric acid, washed thoroughly, and then 
ignited. The solutions of quinquevalent antimony were prepared by volumetric dilution from different 
stock solutions of potassium antimonate, the antimony content of which was determined by Henz’s 
method (Mellor, ‘‘ A» Treatise on Quantitative Inorganic Analysis,” London, 1938, 297). The titrations 
with chromium chloride were carried out in 20% hydrochloric acid at 80—85° in the absence of atmo- 

heric ——e in a manner similar to that adopted by Brintzinger and Rodis (Z. anorg. Chem., 1927, 
166, 53). Zintl’s storage and titration Re pa was used after it had been modified by inserting a 
calibrated 10 c.c. micro-burette graduated to 0-02 c.c. parallel to the calibrated 50 c.c. burette. With 
the help of a three-way tap, the solution could be delivered from either burette. The common burette 
tip was made so fine as to allow the delivery of 50 drops per c.c. It was found that solutions of 
chromous chloride as dilute as 0-0431N could, by careful manipulation, be used as reagent for titrating 
the more dilute antimony solutions. Still more dilute chromous chloride solutions could not be readily 
standardised, were unstable, and yielded titration curves with inflexions not sharp enough to define 
accurately the equivalence points. 

In determining the amount of antimony in solution, an oxidation followed = a reduction method 
or vice versa was generally applied to one and the same sample. In reducing Sb*+ a method similar 


to that adopted by Kurtenacker and Fiirstenau (Z. anorg. Chem., 1933, 212, 289) was applied. Sulphur 
dioxide was bubbled through the solution containing 10% of hydrochloric aci 


acid, first in the cold and 


‘ 
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then at 50°, at a rate of 3 bubbles per second for 20—25 minutes, and the solution was then boiled. 
In all cases the results were not materially affected in the presence of salt solutions of the same ionic 
strength as usually met with when determining the amphoteric Bp gap in the presence of sodium 
hydroxide. Table I contains some representative results obtained by the different methods. 


Taste I, 
Sb found * (g.-atom/l. x 10’) by method : 
Sb, g.-atom/l. x 104. (c). (a). (b). 
34- 
SbY) "3-46 3-41 
1-73 1-96 
346 * 347 * 
34-8 * 34-8 * 
3-48 * 3-50 * 
1-84 1-96 * 
275 276 275 276 t 
27-7 27:8 27-7 27-9 
2-84 2-86 2-80 2-84 ¢ 
Sbul 1-42 1-57 1-58 1-53 
0-710 0-727 0-733 0-722 + 
0-355 0-368 0-378 0-371 + 
0-178 0-196 0-207 0-191 + 


* Values denoted by an asterisk were obtained after reduction of the antimonic solutions. 
+ Values so indicated were obtained by method (a) after reduction of the titrated solutions. 


(A) Solubilities of Antimony Tri- and Pent-oxide in Water at 35°.—The only values reported for the 
solubility of the trioxide in water are those of Schulze (J. pr. Chem., 1883, 27, 320), viz., that 100 
of water dissolve 0-0016 part of the oxide at 15° and 0-01 part at 100°. The solubility of the pent- 
oxide in water is 1-717 g. per 250 c.c. after } hour’s shaking at 100° (Glixelli and Przyszczypkowski, 
Rocz. Chem., 1934, 14, 474; Chem. Abst., 1935, 2424). In neither case, however, were details given of 
methods of preparation or purification or of solubility determinations. Our procedure for determining 
the solubilities was as follows. Portions of the rn horny prepared and purified as above, were intro- 
duced into a 1-L, flat-bottomed Pyrex-glass flask two-thirds filled with previously boiled redistilled 
water. The flask was furnished with a mercury seal connected to an efficient motor-stirrer. Stirring 
was carried out in a water thermostat at 35° + 0-05° for periods een See 5 to 24 hours, which 
always secured equilibrium, the laboratory temperature being 32—34°. e mixture was then filtered 
with the aid of a high-pressure ultra-filtration apparatus under about 14 atm. The filters used were 
Zsigmondy membrane filters impermeable to Congo-red. Measured volumes were then anal > 
least in duplicate, for their antimony content. Tables II and III express the results obtained for the 
two oxides, the method of analysis used being shown. 


TABLE II. TABLE III. 
Solubility of Sb,O, (g.-mol. /1. Solubility of Sb,O, (g.-mol./1. x 10*) 
x 105) at 35°. at 35°. 
Time of Time of Direct : After reduction : 
stirring, hrs. Method (a). | Method (b). _ stirring, hrs. Method (c). Method (a). Method-(b). 
5 4-53 4-76 5 2-64 2-66 2-82 
10 4-36 des 8 2-85 2-73 2-86 
20 4-56 4-76 15 din 2-71 2-91 
20 2-66 2-88 2-74 


Results and Discussion.—From the curve in Fig. 1 it can be seen that the solubility of the 
trioxide decreases with increasing alkali hydroxide concentration up to a certain stage, after 
which it increases. Extrapolation of the main slopes on each side of the minimum (dotted 
lines) gives the isoelectric point as equivalent to an alkali concentration of 1-1 x 10*n. As 
pXK,, is 13°59 at 35°, the pH value corresponding to the isoelectric point of the trioxide is 8°63. 
At lower pH values the oxide in solution dissociates mainly as a base which may be either 
Sb(OH), or SbO(OH). From the solubility data in solutions of different pH below the iso- 
electric point, one can obtain information as to the most probable form which prevails in 
solution. A reaction to completion between the ortho-base of a tervalent metal and an acid 
implies that [M**] in solution should be proportional to [H*]*, but with the meta-base [MO*] 
should be directly proportional to [H*]. Now the solubilities in 0-991, 1-400, and 3°105n-acid 
solutions were respectively 7°1, 37°5, and 1212°5 x 10“ g.-mol./l., i.e., in the process of 
neutralisation more than three hydrogen ions per molecule of the ortho-base are required. 
This implies that in addition to the neutralisation reaction more acid is utilised in the form- 
ation of complexes of the type H,SbCl,_,. The solubilities in the acid ranges 0°991—1-400Nn 
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and 1°400—3°105n are found to be proportional to [H*]* and to [H*]® respectively, i.e., we 
have an increasing tendency for complex formation with increase of acidity. 

Above the isoelectric point the trioxide dissociates mainly as an acid which might be H,SbO, 
or HSbO,, in which cases the solubility in alkali hydroxide of different concentrations should 
be proportional to [OH’]* and to [OH’] respectively. From the solubility data obtained (see 


Fic. 1. 


Fie. 2. 
500 
400 
32300 
3200 
3 100 
700 200 300 400 500 6-00 ° 0700 200 300 4-00 
log 10°N (NaOH). Normality of acid. 


Table IV), it is found that between 1990 and 42-4 x 10-*n-alkali hydroxide the solubility is 
proportional to [OH’], indicating that in this range the prevailing form is the monobasic acid. 


TABLE IV. 
Alkali, Solubility 0 of Sb,0, : Alkali, Solubility of Sb,O, : 
nN xX 10°. G. /1. G.-mol./l. x 105. nx G. /1. G.-mol./l. x 105. 
1990 1-8800 644-90 6-00 0-0141 4-84 
702 0-6297 216-00 0-600 0-0099 3-39 
458 0-3673 126-00 0-349 0-0070 2-40 
91-5 0-0710 24-36 0-0600 0-0066 2-26 
42-4 0-0403 12-82 0-01585 0-0089 3-05 
10-3 0-0189 6-48 (H,O) 0-0131 4-56 
TABLE V. 
0-050 0-100 0-516 1-064 1-981 
Solubility 0-0327 0-0230 0-0184 0-0139 0-0113 
ea g.-mol./l. x 10 ...... 1-01 0-71 0-57 0-43 0-35 
Acid, N 2-458 2-900 3-748 4-092 4-600 
Solubility 0-0191 0-0405 0-0929 0-1204 0-1576 
g.-mol./l. x ...... 0-59 1-25 2-87 3-72 4-87 


From the curve in Fig. 2, which represents the solubility of antimony pentoxide in hydro- 
chloric acid solutions of different concentrations, it can be seen that the isoelectric point 
corresponding to the minimum solubility of that oxide occurs within a wider limit of acidity ; 
viz., between 1 and 2n-acid. It is, therefore, difficult to define the exact position of that point 
on the curve. Below the isoelectric zone, on the acid side, antimony pentoxide, when dis- 
solving, will dissociate mainly as a base which might be Sb(OH),;, SbO(OH);, or SbO,(OH). 
The solubilities in different acid concentrations will, therefore, be proportional to [H*]5, [H*]®, 
or [H*] respectively. By considering the solubility data obtained (Table V), it is found that 
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the most probable form prevailing within the acid range 2°458—4°600n is the tri-acid form; 
this does not, however, exclude the possibility that it might be SbO,(OH) and that the excess 
ot acid has been utilised in formation of complexes. 


Fovap I University, FacuLty oF SCIENCE, 
ABBASSIA, CAIRO, EGYPT. (Received, April 2nd, 1947.) 


4151. “Dibenzylidene- and Diisopropylidene-glyoxal. 
By Harry Ravupnitz. 


Chemical evidence has been adduced in favour of structure (I; R =H, R’ = Ph) bw 
(I; R= R’= Me) for cal, which io diisopropylidene-glyoxal, respectively. | This 
indicates that trimeric glyoxal, which is readily from monomeric glyo from glyoxal 
sulphate, may have the structure (II). 


S1ncE Debus (Annalen, 1856, 100, 5) discovered glyoxal our knowledge of this, the simplest of 
the dialdehydes, has been considerably increased, especially through the work ot Harries and 
Temme (Ber., 1907, 40, 156). The monomer (CHO), can be obtained but polymerizes 
instantaneously in presence of traces of moisture (even that normally present in the atmosphere) 
to a trimeric modification. This behaves similarly to the monomer, giving derivatives of the 
latter when treated with the appropriate reagents in aqueous or alcoholic solution. Derivatives 
of the trimeric form itself have not yet been recorded. 

Since trimeric glyoxal reduces Fehling’s solution, Harries concluded that it must contain a 
group to which the reducing power is directly attributable. In order to explain this behaviour 
he assumed the formation of an acyloin compound in which three molecules are joined as follows : 


3(-CHO), = | 


He further assumed that the groups enclosed by the broken lines are in fact the reducing groups, 
whilst the normal aldehyde groups of glyoxal itself have no reducing properties. 

Because of these reducing properties Harries drew attention to the similarity between 
trimeric glyoxal and the sugars. The purpose of this investigation is to throw more light upon 
this relation. Just as sugars are able to form cyclic semiacetals, so glyoxal has a marked 
tendency to ring formation. In consequence, however, of the shortness of the carbon chain, 
condensed dioxan rings are obtained instead of the furanose or pyranose rings common in the 


It is now shown that certain of the reactions which serve to characterise the sugars or sugar 
alcohols may be used with equal success for the preparation of derivatives of trimeric glyoxal, 
e.g., the formation of benzylidene and isopropylidene derivatives by reaction respectively with 
benzaldehyde and acetone in presence of, e.g., sulphuric acid. 

Glyoxal sulphate reacts with benzaldehyde in presence of water to give a dibenzylidene 
compound of the empirical formula C,,H,,0,, m. p. 268° (block), and similarly with acetone to 
give a diisopropylidene compound of the empirical formula C,,H,,0,, m. p. 207° (block) 
(Raudnitz, Chem. and Ind., 1944, 327,366; Dyson, ibid., p. 342). Neither of these derivatives 
reacts with ketonic reagents, and with neither compound does the active-hydrogen determination 
disclose the presence of any hydroxyl groups. No coloration is given by these compounds with 
tetranitromethane or with ferric chloride and they must, therefore, be considered as saturated. 
On treatment with sulphuric acid each decomposes into its components. This behaviour seems 


(II.) 


to be explained satisfactorily only by the structures R=H, R’=Ph) and 
ai; R= R = Me). On the basis of the results set out Li trimeric glyoxal itself 
must be considered as 2:3: 6: 7-tetrahydroxy-1 : 4: 5: 8-tetraoxadecahydronaphthalene 


sugars. 
R R H H 
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(2: 3:6: 7-tetrahydroxy-1 : 4: 5: 8-naphthadioxan) (II) with each pair of adjacent hydroxyl 
groups on the same side of the ring. 

This structure accounts for the fact that trimeric glyoxal can react with ketonic reagents as 
though it were a true dialdehyde owing to the facility with which the oxygen ring is opened. 
On oxidation with hydrogen peroxide or potassium permanganate (Heimrod and Levene, 
Biochem. Z., 1910, 29, 33, 46) formic acid is produced, and not oxalic acid, as might have been 
expected had glyoxal reacted in the simple dialdehyde form. This also is explained by the 
proposed formula, since the oxidative attack may be assumed to be directed towards the glycol 
groupings with cleavage of the carbon-carbon bond. Finally, the structure also agrees with the 
optical properties of trimeric glyoxal which, in contrast to the monomer, has only a weak 
general absorption in the short ultraviolet. 

Trimeric glyoxal can be considered as the simplest member of the osones. Like the osones 
it is amorphous and it may reasonably be assumed that the osones exist only in polymerized 
forms. It is intended to deal with this question at greater length in a further paper. 

The glyoxal sulphate used in these experiments was prepared by a modification of the 
methods described in D.R.-P. 362,743 and B.P. 447,135, and the structure adopted here for 
glyoxal sulphate is that proposed by Baker and Field (/J., 1932, 86). 


+ 480, + 2H,SO, = 4 + 
EXPERIMENTAL. 


Glyoxal Sulphate.—To 60% oleum (400 g.; i.e., 53% excess) and mercuric sulphate (2 g.) in a 1-l. 
conical flask was added tetrachloroethane (83 g.) in three equal portions with vigorous shaking at 
intervals of 5 mins., and the flask was loosely covered and set aside overnight. Next morning the 
contents were nearly solid through separation of a mass of needle-like crystals of glyoxal a. but 
reaction was allowed to proceed for a further 8 days. The product was then filtered off, sucked as dry 
as possible, and added in small portions to ice-water with continuous stirring; the colourless needles 
were collected, washed thoroughly with water, and dried in a vacuum at room temperature; yield, 
79 g. = 72% on the tetrachloroethane. 

Dibenzylideneglyoxal.—Glyoxal sulphate (20 g.) was suspended in freshly distilled benzaldehyde 
(50 c.c.), and water (3 c.c.) added. The mixture was warmed gently on a steam-bath and then left at 
room temperature for 7 days, during which it set to a red solid. It was then diluted with alcohol, 
filtered off, and washed thoroughly with alcohol, the last traces of unreacted glyoxal sulphate being 
removed by short boiling with alcohol (50 c.c.), filtering, and washing with alcohol; yield, 9-5 g., 79-6%. 
Dibenzylideneglyoxal was recrystallised from glacial acetic acid, from which it separated in long, 
colourless néadien, m. p. 268° (block) (Found: C, 62-0; H, 4:8. C,)H,,O, requires C, 62-1; H, 4-7%). 

In order to determine the ratio of benzaldehyde to glyoxal, the compound was hydrolysed with 
dilute sulphuric acid by heating under reflux. After cooling the benzaldehyde was distilled off through a 
fractionating column, and determined as its p-nitrophenylhydrazone (Feinberg, Amer. Chem. J., 1913, 
49, 105). In order to determine the glyoxal as formic acid (Friedemann, J. Biol. Chem., 1927, 73, 331), 
the residue in the flask was neutralised with barium carbonate, and the precipitate filtered off and 
washed thoroughly with water. The clear filtrates were combined and made up to a fixed volume. To 
an aliquot portion of this were added hydrogen peroxide and a measured excess of 0-1N-sodium hydroxide. 
After standing at room temperature for 10 mins., the excess of alkali was back-titrated with 
0-1n-hydrochloric acid (Found: Ph°CHO, 55-4; C,H,O,, 44:5. Calc.: Ph*CHO, 54-9; C,H,O,, 


45-1%). 

Dii lideneglyoxal.—Glyoxal sulphate (20 g.) was dissolved in acetone (100 c.c.), water (3 c.c.) 
added, and the mixture left for 2 days. The crystals were filtered off, and washed successively with 
water, alcohol, and ether. Recrystallised from acetone, diisopr gg at I was obtained in large, 
colourless leaflets, m. p. 207° (block) (Found : C, 49-7; H, 6-3. ic. for C;,H,,0,: C, 49-7; H, 6-2%). 
Elsner’s method (Ber., 1928, 61, 2364) for the determination of acetone in acetone sugars was used to 
determine the acetone, and glyoxal was determined as formic acid in the solution left from the distillation 
after removal of the sulphuric acid with barium carbonate (Found : COMe,, 39-6; C,H,O,, 59-5. Calc. : 
COMe,, 40-0; C,H,O,, 60-0%). 


The work was carried out by the courtesy of Mr. F. Scholefield, M.Sc., F.R.1.C., F.T.1., Head of this 
Department. . 
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152. The Dissociation Constants of Benziminazole and Certain 
; Purine Derivatives. 
By H. F. W. Taytor. 


The pK,’ values of the compounds listed in the table have been determined, and their 
significance is briefly discussed. 


Tue pK,’ values of benziminazole, adenine, guanine, and certain monomethylxanthines have 
been determined by electrometric titration in aqueous solution at 25° using the hydrogen 
electrode, and the values obtained are given below. It will be seen that the pK,,’ values for the 


pk,’ Values. 

5-30 * 12-3 
415 * 9-80 
337 12-3 ¢ 
1-Methylxanthine .................- * 7-70 (7-7) 12-0 
* 8-10 (8-5) 11-3 


* Denotes the relative position of the iso-ionic point. 
+ Approximate values. 


monomethylxanthines are in fair agreement with those determined at 18° by Ogston (J., 1935, 
1376), whose data are given in parentheses. No dissociations other than those given could be 
detected from electrometric titrations over the pH range 1°5—12°5. 

The first and second pK,’ values of benziminazole must represent the dissociation of -NH= 
and ~NH- groups respectively. The value 5°30 may be compared with that of 7°1 given by 
Dedichen (Ber., 1906, 39, 1831) for iminazole (glyoxaline). The value 12-3 is of the same order 
as those of the weakest acid dissociations of guanine, 1- and 3-methylxanthine, all of which are 
unsubstituted in the iminazole ring; as would be expected, 7- and 9-methylxanthine show no 
dissociation in the pH range 11°0—12°5. Analogous results were obtained by Tafel and Dodt 
(Ber., 1907, 40, 3757) for the 6-deoxyxanthines. 

The basic associations of adenine and guanine may be attributed to the 6-amino- and the 
2-amino-group, respectively. The acid dissociation constant of guanine having pK,’ 9°2 and 
the first acid dissociations of the monomethylxanthines (pK,’ 6-25—8-30) are most probably 
associated with the presence of an oxygen atom in the 6-position. Ogston (loc. cit.) has 
concluded that enolisation involving the 1-position must be excluded, and that in 3-, 7-, and 
9-methylxanthine the zwitterionic form predominates, the acid dissociation being represented as 

+ 
that of an ~NH= group in the iminazole ring (I, for the case of 3-methylxanthine). If this 
theory is correct, dissociation of the second hydrogen atom in the iminazole ring must be 


preceded by a tautomeric change to form the ion (II) since, according to Ogston, the -NH- 
group in the 1-position does not on to show acid “a 


(I.) ) 


In the case of adenine, the dissociation having pK,’ 9°80 can only be due to the -NH- group 
of the iminazole ring, a fact which is confirmed by the absence of any such dissociation 
in adenosine, in which the 9-position is substituted (Levene and Simms, J. Biol. Chem., 1925, 


65, 579). The abnormal strength of this group cannot be explained on the basis of the data 
available. 


EXPERIMENTAL. 
The tal procedure was similar to that described by Fletcher, Gulland, and Jordan (/J., 1944, 
33), and results were calculated by the method of Jordan and Sognes , 1946, 994). pk,’ 


values are based on the pH standard of 3-97 for 0-05m-potassium hy te solution. 


The concentrations of the solutions titrated lay between 0- 001234 and “oo except in the case of 
benziminazole when solutions of approximately 0-035m were used. The guanine was brought “into 
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approximately 0-0015m-solution at pH 11—12 and back-titrated rapidly with acid, supersaturated 
solutions being obtained. 

The benziminazole was the sample used by Jordan and Taylor (loc. cit.). The adenine and guanine 
were obtained in the form of hydrochlorides from Mr. C. J. Threlfall, B.Sc., and were recrystallised from 
dilute hydrochloric acid. The methylxanthines, samples of which were supplied by (the late) Professor 
J. M. Gulland, F.R.S., and Dr. F. G. Mann, F.R.S., were recrystallised twice from aqueous alcohol. 


The author’s thanks are due to Professor J. M. Gulland, F.R.S., and Dr. D. O. Jordan for their 
interest and encouragement, and for much helpful advice; to those who have supplied materials; and 
to Messrs. Imperial Chemical Industries Ltd. for the loan of apparatus. 
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153. The Photochemistry of Selenium. Part I. The Photochemical 
Oxidation of Hydrogen Selenide. 
By D. J. G. Ives and -R. W. Pitrman. 


It is shown that for the oxidation of hydrogen selenide by gaseous oxygen the presence of 
liquid water is necessary. Also, that this reaction is promoted by light in the visible and the 
near ultraviolet and is autocatalysed by the production of solid selenium. 


THIs paper introduces a systematic study of the hitherto-unrecorded photo-oxidation of 
hydrogen selenide and is mainly concerned with qualitative observations. These form the 
basis of future studies of the kinetics and mechanism of this and allied reactions. 

In this investigation, known mixtures of hydrogen selenide and oxygen were exposed to a 
constant light flux from a mercury arc, the rate of oxidation being followed by the pressure 
change which accompanies the reaction H,Se + 40, = H,O + Se. The initial water content of 
the system was controlled, in amount, by the introduction of weighed quantities of water and, in 
location, by slight local cooling of the reaction vessel, which was otherwise maintained at a 
constant temperature of 25°. The method is described in detail in the experimental section. 

It has been found that the oxidation of hydrogen selenide occurs rapidly only in the presence 
of liquid water in contact with illuminated selenium to which oxygen gas has access. The 
various points in this statement have been established in a number of experiments which are 
described in the appropriate order. 

In the first of these, a dry mixture of the two gases in roughly stoicheiometric proportion at a 
total pressure of 160 mm. in a clean reaction bulb was illuminated for 70 hours. The fall of 
pressure was 0-6 mm. and the thin, transparent deposit of red selenium which was formed on the 
interior, illuminated surfaces of the vessel was found, on recovery, to weigh 3°7 mg. The 
formation of this weight of selenium by oxidation requires a pressure decrement of 3°0 mm. 
The deposition of selenium therefore appeared to be due to photolysis of the hydride by light in 
the near ultraviolet (Goodeve and Stein, Trans. Faraday Soc., 1931, 27, 393; Moser and Doctor, 
Z. anorg. Chem., 1921, 118, 284). A similar dry mixture and a mixture of 50% humidity (12 mm. 
water-vapour pressure at 25°), both set up in vessels containing a film of selenium deposited in 
previous experiments, showed no decrease of pressure on illumination for long periods. It is 
therefore apparent that, under the conditions of experiment, hydrogen selenide has little 
tendency to oxidise in the absence of liquid water, whether selenium is present or not. 

A mixture containing sufficient water to exceed the limit of saturation and ensure the 
presence of a liquid film on the upper part of the vessel, where the light entered, showed markedly 
different behaviour. A very slow decrease of pressure occurred over a period of some hours in 
dull light; on illumination, however, the rate of fall of pressure increased. After some hours, 
when steady reaction conditions had been established, the light was interrupted several times. 
During the resulting dark periods the rate fell very nearly to zero, indicating that the reaction is 
mainly photochemical in nature. 

The pressure changes which occurred in a similar experiment during which illumination was 
continuous are shown in Fig. 1, Curve 1; it will be seen that over the first 10 hours the rate of 
reaction gradually increased to a maximum. This increase of rate was accompanied by the 
formation of a film of red selenium on the initially clean surface of the reaction vessel, mainly 
within the area of illumination. Subsequently, the selenium deposit suffered remarkable 
changes as the oxidation proceeded. At first, it was in the form of a fairly uniform, red, opaque 
filmy but after a few hours, the selenium appeared to “‘ dissolve ’”’ and then “‘ recrystallise ”’ as 
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reddish-black, granular aggregates, which later coalesced into an adherent, finely crystalline 
film of grey selenium. The thickness of this film increased with time until the gaseous contents 
of the bulb were completely shielded from light. In spite of this, the course of the reaction 
seemed unaffected. The selenium seemed, in fact, to behave as if it were transparent. 

Since in this reaction, selenium is the only new substance produced, it would appear that the 
initial phase of rate increase is to be explained in terms of autocatalysis by selenium. This is 
confirmed by further experiments which were carried out using a predeposited film of selenium 
formed in a previous run. In these, the full reaction rate was immediately established on 
irradiation (Fig. 1, Curve 2). In one case, a small aperture was made in the selenium deposit, 
well within the region of illumination. Fresh selenium was deposited only at the edges of the 
aperture, which remained perfectly clear while very slowly growing smaller. 


Fie. 1. 


0 10 20 30 40 50 60 
Time, hours. 

-An attempt was made to examine the reaction under conditions where the deposition of 
selenium would not exclude light from the reaction bulb. For this purpose, the liquid water 
was kept in a small pool in the lower part of the bulb by means of an externally applied cooling 
tank. After prolonged illumination, a small amount of red selenium had formed at the bottom 
of the water pool, but the pressure decrease was negligible. On cutting off the supply of cooling 
water.to the tank and allowing the water in the reaction system to take up its normal position 
at the top of the bulb, coincident with the area at which light entered, the reaction started and 
followed a normal course. It was concluded that gaseous oxygen must have access to the 
deposited selenium for the oxidation to proceed with any appreciable speed. 

Observations on the effect of wave-length of incident light on rate of oxidation, which are 
summarised in Fig. 2, show clearly that light of wave-length as long as 5790 a. is completely 
effective in promoting reaction. The lower limit of light absorption by gaseous hydrogen 
selenide lies at 3200 a. (Goodeve and Stein, Joc. cit.) and the absorption in oxygen-free aqueous 
solution is not substantially different (Fig. 3: it may be noted that the molecular extinction 
coefficients at 3000 a. are ca. 5°4 and 11°0 for the gas and the solution, respectively). These 
results, combined with the previous observations, strongly suggest that the primary act in this 
reaction is absorption of light by elementary selenium. Subsequent stages clearly involve some 
entities which exist in an aqueous solution of hydrogen selenide but not in the gas. The values 
of the dissociation constants of the hydride in aqueous solution are K, = 1°30 x 10“ and 
K, = 1 x 107° (Hagisawa, Bull. Inst. Phys. Chem. Res. Tokyo, 1941, 20, 384), which indicate 
that it is possible for hydroselenide ions or hydrogen ions, or both, to fill this réle. This is not 
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inconsistent with the results of preliminary measurements of reaction rates, which, except for 
mixtures containing large excess of hydrogen selenide, fit the equation 


dx/dt = k(a — x)" (6 — 3x) 


where a and b are the numbers of moles of hydrogen selenide and oxygen, respectively, present 
at the start and x is the number of moles of hydrogen selenide oxidised in a time ¢. 

Values of velocity constants in six experiments at constant light flux are 0°0054, 0-0059, 
0-0077, 0:0060, 0-0063, 0-0053 mm.—” hrs.-*; these are substantially constant. Owing to the 
heterogeneous nature of the system, however, modifications of technique have been found 
necessary for the detailed kinetic study now in hand. 
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Light absorption of H,Se in aqueous solution. 
Periods of illumination with un Hered light from 


mercury avc, AB; CD; EF; GH; 1]. E= = I,/I; cell length = 2-0 cm, 
Periods of illumination with filtered light from ete ‘ 
mercury arc, BC, 3650, 3663 A.; DE, >3663 a.; concn. in g.-mols. 
FG, 5790, 5777 A.; HI, 5461 a. - Bt . 
EXPERIMENTAL. 


Preparation of Hydrogen Selenide.—Hy drogen selenide was generated by treating aluminium selenide 
with 1N-hydrochloric acid in a nitrogen-filled apparatus. ~The gas was dried over calcium chloride and 
phosphoric oxide and collected in a trap at — 80°. This trap was then connected to the main apparatus 
and pumped out while at — 80° to remove permanent gas. The hydrogen selenide was then evaporated 
into a previously evacuated 3-1. Pyrex flask which served as a storage vessel. 

Apparatus.—The reaction was allowed to take place in a spherical Pyrex bulb, A, Fig. 4, of 
approximately 150 c.c. capacity, held in a tubular optical bench which also carried the light source and 
optical system. One l from this bulb led to the tap system BCD, suitable manipulation of which 
allowed controlled. pressures of oxygen and hydrogen selenide to be metered into the bulb. Another 
lead connected the bulb to a Pyrex spoon-gauge, E, which isolated the reaction mixtures from the 
mercury manometer. This manometer was fitted with a glass scale and rising meniscus device, which 
enabled readings to be taken to an accuracy of + 0-1 mm. Hg. The leads were made of 1 mm.-bore 


Temperature control of the neem and reaction b was maintained by a water-filled 
thermostat, the temperature of w wa mser poet to + 0-005°. All the observations described 
here were made at 25°. To the gquatie Local 


my to position the films of liquid water, 


the reaction bulb was only seven-eighths immersed in water of the thermostat. The Hse pm 


portion was, however, carefully protected from draughts by means of a metal screen which formed 

of the optical bench; with this arrangement a change in room temperature of 8° had no detectable 

on the pressure within the bulb when this was filled with an inert gas mixture to a pressure of 500 mm. Hg. 
The light source consisted of a 125-watt Osira mercury vapour lamp with the outer glass sheath 

removed. No exact relationship could be established between the light output of the lamp and its 

power dissipation. However, a oxalate 
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actinometer (Forbes and Heidt, J. Amer. Chem. Soc., 1934, 56, 2384), remaimed constant to + 2% 
provided that the voltage drop across and the current through the lamp were kept at fixed values. 

The experimental procedure was as follows. The whole apparatus was pumped to a hard vacuum, 
a previously weighed quantity of water in the bulb F being frozen at — 80°. The water was then 
melted and completely distilled into the reaction bulb by locally cooling this with solid carbon dioxide. 
Tap G was then closed, the reaction vessel allowed to reach thermal equilibrium with the bath, and the 
pressure of water vapour measured. Next, h en selenide from the storage bulb was metered in to a 
desired pressure through the tap system BCD. Consideration of the solubility in water of hydrogen 
selenide, 0-08415 mol. /l. at 760 mm. Hg and 25° (McAmis and Felsing, tbid., 1925, 47, 2633), and the 
volumes of water taken, usually about 0-2 c.c., relative to the volume of the reaction vessel, shows that 
this method gives rise to little error in the measurement of the pressure of hydrogen selenide. Then, 
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wtih tap 2 cloned, the portion of the apparatus between BC and D, which acts as a gas pipette, was 
thoroughly evacuated to remove hydrogen selenide, and oxygen pipetted into the reaction vessel. 
Immediately —_— the admittance of oxygen, the capillary constriction J was sealed by means of a small 
blowpipe flame. This operation gave rise to 'y no pyrolysis of the hydride if carried out before 
back diffusion along the capillary occurred. e total pressure in the reaction vessel was then measured. 
The preparations were then complete, the reaction mixture, of known composition being contained in a 
completely sealed, all-glass enclosure, the pressure within the enclosure being susceptible of measurement 
at any time | means of the spoon gauge and manometer. 

At the end of the experiment, to preserve the spoon from destruction, communication between the 
spoon and its envelope could be re-established by breaking the capillary seal in H with a magnetic 
hammer. 


The authors wish to express their gratitude to Dr. A. E. Braude for the light-absorption measure- — 
ments made on aqueous colations of hy en selenide. 


BrrKBEcK COLLEGE, E.C. 4. [Received, June 5th, 1947.) 


154. 2-Thienyl- and 3-Thienyl-thioacetic Acids and their 
By FREDERICK CHALLENGER, SAMUEL A. MILLER, AND GEOFFREY M. GIBSON. 


Di-2-thienyl disulphide has been prepared by reduction of 2-thienylsulphonyl chloride with 
hydriodic acid. Reduction with glucose and alkali followed by treatment with chloroacetic 
acid gives crude 2-thienylthioacetic acid, characterised as the ester and amide. 

ante Maye chloride gives a crude disulphide with hydriodic acid; this with sodium 

ich the thioacetic acid, its ester, amide, and 
par have been prepared 

Neither 2- nor 3-thienylthiol could be purified. 3-Methylthiophen- ?-sulphonyl chloride and 
amide are described. 


For the purposes of a projected synthesis the preparation of 2-thienylthioacetic acid 
C,H,*S*CH,°CO,H from 2-thienylthiol was attempted. The thiol is a very inacce8sible compound 
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(see Challenger and Miller, J., 1938, 894). Methods for its preparation from 2-thienylsulphony] 
chloride (Steinkopf and Hopner, Annalen, 1933, 501, 174) or from the corresponding sulphinic 
acid (Biedermann, Ber., 1886, 19, 1616) were considered. 

H. B. Gibson (Thesis, Leeds, 1936) found that thiophen rapidly polymerises in presence of 
anhydrous stannic or ferric chloride giving amorphous solids which, after removal of occluded 
inorganic matter, have the approximate composition (C,H,S),. It was therefore deemed 
inadvisable to employ metals and concentrated hydrochloric acid as reducing agents, preliminary 
experiments with tin and hydrochloric acid giving much dark solid. Biedermann (loc. cit.) 
obtained only 0°5 g. of 2-thienylthiol by reduction of the sulphony] chloride (30 g.) with zinc dust 
and water followed by zinc and hydrochloric acid. 

Although aromatic seleninic acids readily yield diselenides with sulphurous acid, this has no 
action on aqueous benzenesulphinic acid. 

Fries and Schurmann (Ber., 1914, 47, 1195) state that arylsulphinic acids but not sulphonyl 
chlorides yield aryl sulphur bromides or disulphides with hydrobromic acid. We find 
that benzenesulphonyl chloride gives the disulphide with hydrobromic acid and sodium 
sulphite. Similar reduction of 2-thienylsulphonyl chloride, however, gave no disulphide 
but a thiol which decomposed on distillation in steam or under reduced pressure. Fischer (Ber., 
1915, 48, 93) reduced sulphonamides to thiols by hydriodic acid and phosphonium iodide in 
sealed tubes at 70—100°. We find that with benzene- or 2-thienyl-sulphony] chloride and cold 
hydriodic acid in glacial acetic acid, ready reduction to the disulphides occurs. This would 
appear to be a convenient method for the preparation of 2 : 2’-dithienyl disulphide which was 
first obtained by Meyer and Neure (Ber., 1887, 20, 1756). 

2 : 2’-Dithienyl sulphide was obtained by Challenger and Harrison (J. Inst. Pet. Tech., 1935, 
21, 153) from 2-thienylmagnesium bromide and sulphur. H. B. Gibson (Thesis, Leeds, 1936) 
obtained it by using sulphur chloride, S,Cl,, instead of sulphur. Both preparations were 
characterised as the sulphone. 

Claasz (Ber., 1912, 45, 2424) reduced various diaryl disulphides with glucose and alkali and, 
without isolating the thiol, added sodium chloroacetate, thus obtaining the corresponding ~ 
thioacetic acids. By this method we have obtained crude 2-thienylthioacetic acid from which 
the ethyl ester and the amide have been prepared. Drs. H. Burton and W. Davy (forthcoming 
publication from these laboratories) have also employed hydriodic acid followed by glucose— 
alkali for the reduction of 2-thienylsulphony] chloride to the thiol (not isolated) and confirm its 
instability. 

3-Thienylsulphony] chloride gives the 3 : 3’-disulphide with hydriodic acid. This was not 
purified, but with sodium amalgam in alcohol, followed by chloroacetic acid, it gave 
3-thienylthioacetic acid, characterised as the amide and anilide. 


EXPERIMENTAL. 


Reduction of Sulphonyl Chlorides.—Benzenesulphony] chloride (2 c.c.), sodium —— (3 g.), and 
hydrogen bromide in glacial acetic acid (40%; 8 c.c.) were boiled for a few minutes, diluted with water 
(10 c.c.), and cooled to below 0°. The deposited solid after crystallisation from alcohol had the m. p., 
60—61°, and the properties of diphenyl] disulphide. 

The acid chloride (2 c.c.), glacial acetic acid (50 c.c.), and hydriodic acid (d 1-95; 15 c.c.) were mixed 
and left overnight at room temperature. The mixture, when diluted with water, treated with sodium 
thiosulphate to remove iodine, neutralised with sodium carbonate, and extracted with ether, yielded 
diphenyl] disulphide (m. p. 60—61°). 

2-Thien ae chloride (6 g.), glacial acetic acid (150 c.c.), and hydriodic acid (d 1-95; 40 g.) 
were mixed, and the temperature soon rose to about 40°. In later experiments using larger quantities 
the mixture was cooled immediately after addition of the hydriodic acid and left overnight below 0°. 
The mixture was then poured into a solution of sodium thiosulphate (40 g.) in water (250 c.c.). After 
standing for 2 hours, yellow crystals were deposited, m. p. 53-5—54-5° and 55-5—56° after two 
crystallisations from aqueous alcohol. These were halogen-free, gave the indophenin reaction, and 
evolved the odour of a thiol on warming with zinc dust and dilute sulphuric acid. Later experiments 
1 a 60—70% |e og 2 : 2’-Dithienyl disulphide melts at 56° (Meyer, Joc. cit.) (Found: C, 41-6; 

, 3-0; S, 54-8. c. for C,H,S,: C, 41-7; H, 2-6; S, 55-6%). 

Reduction of Di-2-thienyl ray ye and Condensation of the Product with Sodium Chloroacetate.— 
The disulphide (2-5 g.) in alcohol (10 c.c.) was treated with glucose (2-5 g.) in water (5 c.c.) and sodium 
hydroxide (2-5 g.) in water (5c.c.). The mixture, at first turbid, became hot, brown, and clear and was 
warmed for a few minutes at 100°. Acidification of a portion gave an odour of a thiol. (Attempts in 
later experiments to isolate this thiol failed, decomposition occurring during distillation.) Chloroacetic 
acid (2-5 g.) and sodium carbonate (1-5 g.) in water (10 c.c.) were then added, and the mixture warmed for 
30 mins. No solid separated (sodium ee ee readily separates under similar conditions). 
The acidified solution was then e with ether, yielding an oil which did not solidify, although by 


—— with phenylthioacetic acid (m. p. 61—62°) 2-thienylthioacetic acid should have an approximately 
similar m. p. 
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Ethyl 2-thienylthioacetate was prepared by refluxing the crude acid obtained as above with alcohol 
and a little sulphuric acid or 7 the Fischer-Speier method. It distilled at 138—140°/20 mm. Two 
further distillations gave an oil, b. p. 138°/20 mm. (Found: C, 48-1; H, 4:9; S, 31-4. C,H, 0,S, 
requires C, 47-5; H, 4-9; S, 31-7%). 

2-Thienylthioacetamide. The ester (3 g.) and concentrated aqueous ammonia (15 c.c.) were shaken 
mechanically overnight. The resulting solid, and a further quantity obtained on cooling the filtrate, 
melted at 92—93° (2-5 g.), and at 95—-96° on recrystallisation from water. Two further crystallisations 
failed to alter the m. p. of this amide (Found: C, 41-3; H, 4:0; N, 7-8; S, 37-2. C,H,ONS, requires 
C, 41-6; H, 4-0; N, 8-1; S, 37-0%). 

Sulphonation of 3-Methylthiophen.—Methylsuccinic acid (Lapworth and Peueeton, J., 1922, 
121, 49) was distilled with phosphorus trisulphide, and the resulting 3-methylthiophen sulphonated with 
chlorosulphonic acid by Steinkopf and Hopner’s method (Amnalen, 1933, 501, 174) for thiophen. The 
reaction mixture was poured on ice and extracted with carbon tetrachloride. Fractionation of the 
dried extract gave 3-methylthienyl-?-sulphonyl chloride as a pale yellow oil, b. p. 98—99°/0-5 mm. 
(Found: C, 30:3; H, 2-5; S, 32-4. C,H,O,5,Cl requires C, 30-5; H, 2-5; S, 32-6%). The sulphonyl 
chloride (5 g.), alcohol (5 c.c.), and concentrated ammonia (15 c.c.) were left to stand. The resulting 
sulphonamide was recrystallised four times from water and melted at 146° (Found: C, 33-9; H, 4-0; 
N, 8-5; S, 36-2; C;H,O,S,N requires C, 33-9; H, 4:0; N, 7-9; S, 36-2%). 

3-Thienylthioacetic A cid.—3-Thienylsulphonyl chloride was prepared by Langer’s method (Ber., 
1884, 17, 1566), which consists in the sulphonation of 2 : 5-dibromothiophen and removal of the bromine 
from the 3-sulphonyl] derivative with sodium amalgam. (The sodium salt of the dibromo-acid gives a 
d-bornylamine salt which forms short, colourless needles from hot water, m. p. 266—267°. A quinine 
salt is also readily formed.) 

Later it was found unnecessary to isolate the dibromosulphonic acid, and the sulphonation mixture, 
after dilution with ice and extraction with ether, was neutralised and reduced at once with sodium 
amalgam. - 

The dibromothiophen was prepared from thiophen and bromine (2 mols.) in glacial acetic acid, an 
extension of Krause and Renwanz’s method for the monobromo-derivative (Ber., 1929, 62, 1710). 

The sulphony] chloride (3 g.) in ~~ acetic acid (75 c.c.) was treated with cold 65% hydriodic acid 
(10-5 c.c.) and left for 2 hours. It was then poured into water, the iodine removed with sodium 
thiosulphate, and the crude disulphide extracted with carbon tetrachloride. After removal of solvent,at 
40° under diminished pressure, residue, which could not be solidified and decomposed on attempted 
distillation, was reduced in alcoholic solution in a stream of carbon dioxide by finely divided 5% sodium 
amalgam, the mixture being stirred and cooled in water. When reduction was complete the mixture 
was poured into water, acidified, and extracted with ether. The extract was then shaken with 
successive small quantities of 2N-sodium hydroxide, and the alkaline layer heated with chloroacetic acid 
(3 g.) for 1} hours at 100°. The cooled mixture was acidified, extracted with ether, and the ether washed 
twice with water to remove chloroacetic and glycollic acids, and shaken with sodium hydrogen carbonate. 
Acidification and extraction with ether gave a pale yellow odourless oil (1-4 g., yield 50% calcalated on 
the sulphonic chloride) which solidified on cooling, m. p. 47-5—49-5°. On crystallisation from ether- 
ligroin or by partial evaporation of its aqueous solution over sulphuric acid in a vacuum, 3-thienylthio- 
acetic acid formed short, colourless needles, m. p. 50-5—51°, which gave a deep red indophenin reaction 
(Found: C, 41-5; H, 3-4; S, 37-1. C,H,O,S, requires C, 41-3; H, 3-5; S, 36-8%). 

The crude acid (2 g.) was refluxed for 3 hours with 2—3% alcoholic hydrogen chloride (8 c.c.). The 
resulting ester, b. p. 140—142°/9 mm., was readily hydrolysed by 2N-sodium hydroxide. 

3-Thienylthioacetamide. The ethyl ester (0-5 c.c.) was shaken for a few hours with concentrated 
ammonia (8 c.c.). The resulting solid crystallised from hot water in rectangular, iridescent plates, 
m. p. 115-5—116° (Found: C, 42-0; H, 4-0; S, 37-7. C,H,ONS, requires C, 41-6; H, 4-1; S, 37-0%). 
The amide is readily hydrolysed and affords a convenient source of the pure acid. 

3-Thienylthioacetantlide was obtained in poor yield by gently warming 3-thienylthioacetic acid with 
thionyl chloride for a few minutes, diluting the mixture with dry ether, and adding aniline. The ether 
was then washed with water, dilute hydrochloric acid, and sodium carbonate, dried, and eva’ ted, 
leaving a residue which, when ised from hot aqueous alcohol, melted at 118—118-5° (Found : 
C, 57-45; H, 4-40; S, 25-9. C,,H,,ONS, requires C, 57-8; H, 4-45; S, 25-75%). 


The authors thank the Institute of Petroleum and Imperial Chemical Industries for grants, and the 
ent of Scientific and Industrial Research for a maintenance grant to G. M. G. 
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155. The Cross-linking of Vinyl Polymers by Friedel-Crafts 
Catalysts. Part I. 


By J. C. Bevincton and R. G. W. Norrisu. 


The uction of insoluble cross-linked materials from solutions of various polymers by the 
action of metallic halides active in Friedel-Crafts reactions is described. Cross-linking occurs 
by the elimination of a simple molecule HX between two polymer chains; X may be Cl or 
CH,°CO,. Except in the special case of polystyrene in solvents containing at least two chlorine 
atoms per molecule, the solvent probably does not take part in the reaction and the differing 
efficiencies of various solvents can be related to their dielectric constants. 


| 


772 Bevington and Norrish: The Cross-linking of 


THE term “ cross-linking’”’ is applied to processes whereby the separate molecules of a long 
chain polymer become linked together by covalencies to give a net-like structure. Such 
processes are of importance industrially since cross-linking may lead to profound changes in the 
properties of a polymer; for example a polymer with quite a small degree of cross-linking swells 
but does not dissolve in liquids which would normally dissolve the polymer quite readily. 

Studies of cross-linking can be divided into two categories; in one, polymerization and 
cross-linking are carried out simultaneously, whereas in the other a polymer is made and 
cross-linked subsequently. Norrish and Brookman (Proc. Roy. Soc., 1937, A, 163, 205) carried 
out investigations of the first type by mixing with the main monomer, such as styrene, small 
amounts of a second substance, such as divinylacetylene, which can be incorporated in the 
growing polymer and also lead to cross-linkage. Into the second category come the study of 
the vulcanisation of rubber, and the work of Baker (J. Amer. Chem. Soc., 1947, 69, 1125) on the 
cross-linking of linear polyesters by free radicals. 

It was observed that although the chlorination of polyvinyl! chloride in tetrachloroethane 
solution proceeded smoothly in an all-glass apparatus in the laboratory to give a white soluble 
product, attempts to carry out the same process on a large scale in an enamelled vessel resulted 
in the formation of a dark insoluble gel. It was discovered that the gelation and discoloration 
were due to traces of ferric chloride formed from a small area of exposed iron in the chlorination 
pot. Similar effects have been reported by Morrison, Holmes, and McIntosh (Canadian J. Res., 
1946, 24, 179) who have shown that solutions of polystyrene and of polyvinyl acetate in certain 
solvents give insoluble gels under the influence of ferric chloride. This work has now been 
extended, allowing conclusions to be drawn concerning the mechanism of the cross-linking 
reaction. 


EXPERIMENTAL. 


* When solutions of polyvinyl chloride in tetrachloroethane were treated with ferric chloride at 70° in 
stoppered tubes, considerable darkening occurred and within an hour an insoluble gel had formed. 
Stannic chloride and aluminium chloride also caused gelation, and of the three catalysts aluminium 
chloride gave a gel most quickly; sulphur monochloride and phosphorus trichloride were completely 
ineffective as catalysts, and pure aluminium, iron, and tin caused gelation only if the polymer 
solution containing the suspended metal was saturated with chlorine. Other polymers containing 
chlorine which reacted similarly to polyvinyl chloride were chlorinated polyvinyl chloride (% Cl = 65), 
“halothene ” (% Cl = 56), a co-polymer of vinyl chloride and vinylidene chloride (% Cl = 63) and a 
co-polymer of vinyl chloride, vinylidene chloride, and methyl methacrylate (% Cl = 53, % methyl 
methacrylate by weight = 11). In all cases the solutions contained about 5 g. of polymer and 1-5 g. of 
— = 100 mI. of solvent. The speed at which gelation occurred in with the chlorine content 
of the polymer. 

Solvents other than tetrachloroethane (dielectric constant at 20° = 8-2) used successfully for the 
gelation of chlorinated polyvinyl chloride with stannic chloride were nitrobenzene (ce... = 36-1), ethylene 
dichloride (yg. = 10-5), chlorobenzene (¢,,. = 5-9), bromobenzene (€g9. = 5-4), ethylene dibromide 
(€49e = 4:9), and amyl acetate (e,.. = 4-8). Trichloroethane and bis-(2-chloroethyl) ether were also 
used successfully ; values of their dielectric constants are not available, but they are probably quite high. 
Although the magnitudes of the dielectric constants at 70° will be different from the values quoted 
above, they are likely to be in the same order; it was observed that the speed at which gelation occurred 
increased with the dielectric constant of the solvent. Blank experiments with solvents and catalysts 
led to some darkening, but, except for amyl acetate, this was comparatively slight. Solutions of the 
polymer in toluene (e,,. = 2-4) darkened after the addition of stannic chloride and became appreciabl 
more viscous after several hours at 70°, but even prolonged treatment gave no gel; addition of malt 
amounts of tetrachloroethane or of ethylene dichloride to the solution in toluene did not result in gelation. 

A series of experiments using solutions of 5 g. of chlorinated polyvinyl chloride in 100 ml. of 
nitrobenzene, and aluminium chloride as catalyst, showed the effect of catalyst concentration upon the 
reaction. Provided the catalyst concentration exceeded 15 g. for 100 g. of polymer, a dark gel was 
formed readily at 70°; the gels made with concentrations of catalyst just greater than the critical value 
were soft, but those prepared with higher concentrations exuded solvent if kept at 70° and were firmer; 
evidently further Cross-linking occurred giving a product containing less solvent in its equilibrium 
swollen state. For systems containing less than 15 g. of aluminium chloride to 100 g. of 
polymer, darkening and thickening of the solutions occurred to an extent depending on the amount of 
catalyst present; systems containing between 10 and 15 g. of catalyst with 100 g. of polymer, though 
liquid at 70°, formed soft gels on cooling to room temperature. The polymers were recovered be 4 
treatment with methyl alcohol and subsequently with steam until no smell of nitrobenzene remained. 
The oon mg formed with more than 20 g. of aluminium chloride to 100 g. of polymer were black, hard, 
and brittle; with smaller concentrations of catalyst, a series of products was obtained for which the 
discoloration decreased and the toughness increased as the amount of catalyst was reduced from 
20g. to2 g. per 100g. of polymer. The imsolubility of the materials recovered from the gels was 
confirmed, and it was observed that the materials took ——_ slowly, suggesting unsaturation. 

Polyvinyl acetate in nitrobenzene gave a dark insoluble gel at 70° with aluminium chloride; under 


the same conditions polymethyl methacrylate formed an insoluble gel with considerably less darkening. 
Solutions of polystyrene in ethylene dichloride and in bis-(2-chloroethyl) ether formed dark ge 
fairly slowly stannic chloride, but in nitrobenzene (the best solvent for the gelation of polymers 
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containing chlorine) no gel was obtained. Polystyrenes chlorinated in the benzene rings behaved 
similarly to polystyrene, but if substitution was at aliphatic carbon atoms gelation occurred readily. 


Discussion. 
The production of the insoluble gel from solutions of polymers containing chlorine can be 
formulated as : 
—CH,—CHCl— 


—CHCI—CH,— ; —CH,— 


the elimination of hydrogen chloride occurring under the influence of Friedel-Crafts catalysts. 
Similarly, the cross-linking of polyvinyl acetate in our experiments may be due to the 
elimination of acetic acid; Marvel and Riddle (J. Amer. Chem. Soc., 1940, 62, 2666) suggested 
that the black insoluble material, formed during attempts to polymerise vinyl acetate with 
boron trifluoride, was produced by the elimination of acetic acid to give a cross-linked product. 
The dependence of speed of gelation upon the chlorine content of the polymer can be understood 


on the mechanism given above. The possibility that the solvent itself is involved in the reaction 
thus : 


H,Cl H, 
H,Cl H, + 
—CH,—CHCI— 


is rejected because (i) cross-linking occurs most readily in nitrobenzene solution, yet this 
substance is very inert in Friedel-Crafts reactions (Calloway, Chem. Reviews, 1935, 17, 327), 
(ii) gelation cannot be made to occur in toluene solution by adding small amounts of ethylene 
dichloride or of tetrachloroethane, substances which by themselves are good solvents for the 
reaction. It seems that the efficiency of a solvent for this reaction depends on some physical 
property, and our results indicate that it is probably dielectric constant. This agrees with the 
fact that Friedel-Crafts reactions proceed by an ionic mechanism and also that dielectric constant 
affects similarly the Friedel-Crafts catalysed polymerisation of a-methylstyrene (Pepper, 
Nature, 1946, 158, 789). 

Solutions in nitrobenzene of a hydrocarbon polymer such as polystyrene do not gel, because — 
elimination of a molecule such as hydrogen chloride between two polymer molecules is impossible, 
but polystyrene will gel slowly in ethylene dichloride presumably by a reaction involving the 
solvent, such as : 


H—CH,— 
\ 
H,Cl H, 2HCl 


H—CH,— H—CH,— 


Chlorinated polystyrenes do not undergo cross-linking in nitrobenzene solutions if the chlorine 
is attached to the benzene ring, because such chlorine atoms are inert in Friedel-Crafts reactions. 
Whether gelation occurs or not in nitrobenzene solution, can be used as a convenient test for the 
position of chlorine atoms in chlorinated polystyrenes. 

Darkening frequently occurs during Friedel-Crafts reactions, but following a suggestion of 
Marvel and Riddle (loc. cit.), the darkening in our experiments may be due in part to 
conjugation brought about by the elimination of hydrogen chloride or of acetic acid from 
neighbouring carbon atoms in a polymer molecule. As shown above there was evidence for 
unsaturation in the cross-linked product. In this connection Boyer (J. Physical and Colloid 
Chem., 1947, 51, 80) has shown that a relationship exists between the extent of discoloration in 
polymers containing chlorine and the amount of conjugation brought about by the elimination 
of hydrogen chloride ; the same phenomenon is shown by our series of cross-linked products 
made with varying amounts of aluminium chloride, where the extent of discoloration increases 
with the amount of catalyst employed. It is unlikely that polymethyl methacrylate is cross- 
linked by the elimination of methyl formate, and it is probable that a simple molecule such as 
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methyl alcohol is eliminated. Similarly the elimination of methyl formate from neighbouring 
carbon atoms in a polymer chain is unlikely and so conjugation probably does not occur; this 
may well account for the slight darkening observed during the cross-linking of polymethyl 
methacrylate. 

Detailed consideration of the mechanism of the reactions described in this paper will be 
given in a second communication. 
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156. The «-Galactan of Larch Wood (Larix decidua). 
By W. G. CampBELL, E. L. Hirst, and J. K. N. Jongs. 


The structure of the e-galactan of European larch wood has been investigated. Itisshown that 
the methylated derivative is a mixture, one portion of which contains at the most only a trace of 
pentosan, whilst the other is rich in pentosan. The methylated derivative of the pentosan-free 
— gave on hydrolysis 2 : 3: 4: 6-tetramethyl galactose, 2: 3 : 4-trimethyl galactose, and 

: 4-dimethyl galactose in equimolecular proportions. The structural significance of these 
results is discussed. By graded hydrolysis the pentose residues were removed from the crude 
e-galactan, and on hydrolysis of the methylated degraded pol haride 2: 4: 6-trimethyl 
galactose was obtained in addition to the three sugars quentioned above. It is concluded that 
e-galactan is a mixture of polysaccharides, one of which is a galactan and the other a galacto- 


THE occurrence of the material designated e-galactan, which is of interest in connection with 
the chemistry of wood formation, was first reported by Trimble (Amer. J. Pharm., 1898, 70, 152) 
who showed that it contained galactose residues. Later work (e.g., Schorger and Smith, Ind. 
Eng. Chem., 1916, 8, 494; Wise and Peterson, ibid., 1930, 22, 362; Wise and Unkauf, Cellulose 
Chemie, 1933, 14, 20; Nikilin and Soloviev, J. Appl. Chem. Russia, 1935, 8, 1016; Owens, 
J. Amer. Chem. Soc., 1940, 62, 930; Heusemann, Naturwiss., 1939, 27, 595) has shown that 
arabinose is present also, but no clear decision has been reached as to whether the so-called 
e-galactan is in fact a single polysaccharide of the galacto-araban class or whether it is a mixture 
of polysaccharides, one of which is a true galactan. The work of Peterson, Barry, Unkauf, and 
Wise (loc. cit.) indicated its heterogeneity, but on the other hand White (J. Amer. Chem. Soc., 
1941, 68, 2871; 1942, 64, 302, 1507, 2838) interpreted his results as indicating that e-galactan is 
an arabo-galactan and not a mixture. In our opinion, however, the experimental evidence 
adduced by White is equally in accord with the view that the crude polysaccharide material is a 
mixture, since the preparations he used in his investigations were not subjected to rigorous 
fractionation as a test of homogeneity. On the other hand, in the course of experiments on 
e-galactan of European larch commenced some years ago (the main conclusions were summarised 
in Nature, 1941, 147, 25) we found that the polysaccharide could be methylated readily by the 
thallous ethoxide—methyl iodide metliod and that the fully methylated derivative was easily 
separable on fractionation into portions one of which was rich in pentosan whilst the other 
contained only a trace. These observations, therefore, provide strong evidence in favour of the 
heterogeneity of the original e-galactan. 

Further evidence pointing to the mixed nature of e-galactan was provided by comparative 
studies of the hydrolysis products resulting respectively from (a) that fraction of the methylated 
crude e-galactan which contained only a trace of pentosan and (b) the methylated derivative 
obtained from the arabinose-free material which is readily prepared by the partial hydrolysis of 
the crude e-galactan. The arabinose residues, being of the furanose type, are easily hydrolysed 
with little dislocation of the more resistant galactopyranose residues. Now it has been found 
that these two methylated derivatives do not yield on hydrolysis the same mixture of partially 
methylated galactoses. The material (b) from the partly hydrolysed polysaccharide yielded, in 
addition to all the products obtained from (a), an additional substance, namely, 2 : 4 : 6-trimethyl 
galactose. It follows, therefore, that (b) [which from its mode of preparation contained a large 
proportion of (a)] contained also a polysaccharide of structure different from that present in 
(a). The position now reached is that the e-galactan we examined was a mixture which con- 
tained as one of its components a true galactan. In addition there must be present either a 
galacto-araban or a mixture of an araban with a galactan differing in structure from the galactan 
just mentioned. ; 

It is possible to gain from the present results a general picture of the type of structure present 
in the true galactan portion of the e-galactan. The methylated derivative gave on hydrolysis 


| 
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the following three sugars in approximately equimolecular proportions: 2: 3 : 4 : 6-tetramethyl 
p-galactose, 2:3: 4-trimethyl p-galactose, and 2: 4-dimethyl p-galactose. It follows that 
the three p-galactopyranose residues which make up the repeating unit of the galactan molecule 
are respectively a terminal galactose residue attached only through C, (Gal. . .) (I), a residue 
attached to the others through C,, C;, and C, (:::3 Ga 1 . .) (III), and a residue attached 


HO 


(I.) (II.) (III.) 


Ga = f-p-Galactopyranose residue (I) 
3 linked as indicated. 


(IV,) 


through C, and C, (. . . 6Gal.. .) (II). The problem is formally similar to that discussed 
in connection with the arabans (Hirst, J., 1942, 71; Hirst and Jones, J., 1938, 496; 1939, 452, 
454; 1947, 1221), and an example of the general type to which the structure must conform 
is given in (IV) above, in which a chain of 8-linked galactopyranose residues has another 
6-galactose residue attached as a side chain. 

It is clear, however, that the molecular weights of the component polysaccharides of 
e-galactan must be large since ultracentrifuge measurements have shown that this material is a 
mixture of two polysaccharides of approximate molecular weight 16,000 and 100,000 
respectively (Mosiman and Svedberg, Kolloid-Z., 1942, 100, 99). The figure of 2300 obtained 
from a study of the viscosity of aqueous solution of e-galactan (Owens, J. Amer. Chem. Soc., 
1940, 62, 930) is clearly too low since the constant used for the calculation of the molecular weight 
of linear polymers of the cellulose type is not applicable to branched-chain substances of the 
e-galactan structure. 


EXPERIMENTAL. 


The polysaccharide (for method of preparation see references in the theoretical part) was a ~ , 


yellow hygroscopic powder, freely soluble in water giving solutions of low viscosity which gave no colour 
with aqueous iodine. It gave the following results on analysis: Ash, nil; [a]y) + 20° (approximately) 
in water; arabinose content (from furfuraldehyde determination), 12-7%; galactose on hydrolysis, 80% ; 
uronic acid content, ca. 2%, iodine number (Bergman and Machemer method) co: ding to repeating 
unit of ca. 3000 equiv. wt. These figures are in general agreement with values r ed by other workers. 
Extraction of the polysaccharide (2 g.) with 70% alcohol for 3 months failed to remove any araban. 

Hydrolysis of e-Galactan.—The polysaccharide (2-59 g.) was heated with 0-01N-sulphuric acid (50 c.c.) 
at 90° for 36 hours. The optical rotation of the solution was not observable. The cooled solution was 
neutralised with barium carbonate and filtered, and the filtrate evaporated to dryness in a partial 
vacuum at 40°. The residual solid was extracted with methyl alcohol and the extracts concentrated to a 
syrup which gave, on reaction with diphenylhydrazine, t-arabinose diphenylhydrazone, m. p. 204° 
(0-32 g.), equivalent to the presence of 8-2% of araban (Found: 12-7% araban from the yield of furfural- 
dehyde on distillation under standard conditions with 12% hydrochloric acid). 

Methylation of e-Galactan.—The galactan (26-5 g.) was methylated (for details see Hirst and Jones, 
J.» 1938, 496). by boiling the thallous hydroxide complex with methyl iodide and the product (20-5 g.) 

Found : OMe, 42-9%) tionated from acetone solution by the portionwise addition of light petroleum 

a 60—80°) yielding : Fraction A (13 g.), [aj}®° — 18° (c, 0-81 in methyl alcohol) (Found : OMe, 42-5; 
furfuraldehyde, on boiling with 12% yo grey acid, less than wer Fraction B (4 g.), [a]}?° — 19° 
(c, 0-96 in methyl alcohol) (Found: OMe, 42-4; furfuraldehyde, 4-7%, equivalent to approximately 
12% of dimethyl araban). Fraction C (3 g.), [aJ}?° — 16° (c, 1-22 in methyl alcohol) (Found : OMe, 
443%). Fraction D (0-3 g.), a sticky solid which was not further examined. 

‘ydrolysis of Methylated Galactan.—Fraction A (13 g.) was dissolved in methyl-alcoholic hydrogen 
chloride (150 c.c.; 8%) and the solution boiled under reflux for 60 hours. The solution was cooled, 
neutralised with silver carbonate, and filtered, and the filtrate concentrated under reduced pressure to a 
syrup (14-45 g., m}§° 1-4652) which was distilled under reduced pressure and the following fractions 
collected : Fraction 1 (2-78 g.), b. p. 106—110°/0-01 mm, n}§° 1-4462 (Found : OMe, 60-5%). Fraction 
2 (2-83 g.) b. p. 114—133°/0-01 mm., n}¥" 1-4517 (Found: OMe, 59%). Fraction 3 (3-29 g.), b. p. 
133—142°/0-01 mm., nlj" 1-4630 (Found : OMe, 51%). Fraction 4 (1-28 g.), b. p. 120—140°/0-001 mm., 
n}§° 1-4748 (Found: OMe, A3% ). Fraction 5 (1-63 g.), b. p. 140—145°/0-001 mm., nj§* 1-4755 (Found : 
OMe, 41:9%). Fraction 6 (1- 8 g.), b. p. 145—160°/0-01 mm., ni" 1-4842 (Found : OMe, 38-4%). The 
still residue (1-3 g.) was not fu examined. 

Examination of the Fractions.—Fractions 1 and 2, because of their similar constants, were combined 
and hydrolysed with boiling n-hydrochloric acid (100 c.c.), [a]}®° + 82° (initial value); + 90° (1} 
hours) ; + 86° e hours, constant value). The free sugar was isolated in the usual manner and the 
product (5-2 g.) fractionally distilled in a vacuum giving Fractions 7 to 9. Fraction 7 (2-2 g.) had 
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b. p. 112—118° (bath temp.) /0-001 mm., n}f° 1-4605, [a]? + 88° (c, 0-49 in water) (Found: OMe, 50%). 
On being heated with alcoholic aniline this fraction gave 2: 3:4: 6-tetramethyl p-galactose anili 
m. p. 202°. The low rotation of the syrup comprising Fraction 7 indicated that some impurity was 
mt. The yield of tetramethyl galactose anilide showed, however, that only small amounts of 
ieecien material were present. No trimethyl arabinose was detectable, although any of the substances 
arising from the pentosan responsible for the trace of furfuraldehyde material above would be found in 
this particular fraction. Even if all the impurity were calculated as trimethyl arabinose its amount 
(approximately 0-2 g.) would not be significant for our present —~ in comparison with the total 
amount of tetramethyl galactose (4-1 g.). Fraction 8 (2-07 g.) b. p. 125—130°/0-001 mm., n}%° 
1-4658, [a]?0° + 99° (c, 0-55 in water) (Found : OMe, 49-2%). This fraction gave 2 : 3: 4: 6-tetramethyl 
D-galactose anilide, m. p. 202°, on being boiled with alcoholic aniline. Fraction 9 (0-71 g.) had 
b. p. 130—170°/0-01 mm., njf* 1-4715, [a]? + 80° (c, 0-41 in water) (Found: OMe, 44:2%). This 
fraction on being boiled. with alcoholic aniline gave a mixture of 2:3: 4: 6-tetramethyl p-galactose 
anilide, m. p. 201°, and 2: 3 : 4-trimethyl p-galactose anilide, m. p. 169° (McCreath and Smith, /., 1939, 
390), separated by repeated recrystallisation from ethyl alcohol. It is calculated that this fraction 
contained about 0-2 g. of tetramethyl p-galactose and 0-51 g. of trimethyl p-galactose. Fraction 3 
(3-28 g.) was hydrolysed with boiling N-hydrochloric acid (50c.c.). [a]?®° + 96° (initial value) —-> + 89° 
(constant value, 2} hours). The cooled solution was neutrali with silver carbonate, filtered, and 
concentrated under reduced pressure to a syrup. A crystalline silver salt (0-2 g.) of an acid separated 
at this stage and was removed. The filtrate was concentrated and extracted with ether yielding an 
ether-soluble fraction (2-6 g.), m1?" 1-4760, [a]??° + 90° (in water) (Found : OMe, 39-8%), and an ether- 
insoluble fraction (0-3 g.) (Found: OMe, 34%). The ether-soluble fraction on being heated with 
alcoholic aniline gave 2: 3: 4-trimethyl p-galactose anilide, m. p. and mixed m. p. with an authentic 
le 169°. No other crystalline anilide could be isolated. 

The ether-insoluble fraction on being boiled with alcoholic aniline gave 2 : 4-dimethyl p-galactose 
anilide, m. p. and mixed m. p. with an authentic specimen 211°. 

Fractions 4 and 5 were combined (2-87 g.) and hydrolysed with boiling N-hydrochloric acid (50 c.c.). 
[a]?° (initial value not observable) + 102° ($ hour); + 96° (1 hour); + 90° (2 hours, constant value). 
The free sugar (2-6 g.) was isolated in the usual manner and crystallised on standing. The 2: 4-dimethyl 
p-galactose hydrate (0-8 g.) was separated by trituration with acetone followed by filtration; m. p. 
and mixed m. p. with an authentic specimen 104—105° The non-crystalline sugars on being heated 
with alcoholic aniline gave 2 : 4-dimethyl p-galactose anilide, m. p. 207° (decomp.) (Smith, j/., 1939, 
1734). No other crystalline anilide could be detected. Fraction 6 fel g.) was hydrolysed by heating it 
with n-hydrochloric acid (50 c.c.), and the resultant sugar (0-9 g.) was isolated in the usual manner 
(Found: OMe, 31%). On being heated with alcoholic aniline this fraction gave 2: 4-dimethyl 
D-galactose anilide, m. p. 208° (decomp.); no other anilide could be isolated. 

Preferential Removal of L-Arabinose from e-Galactan.—As a result of a series of experiments the 
following conditions were selected for the partial hydrolysis. 

The polysaccharide (19-5 g.) was dissolved in 0-01n-sulphuric acid (200 c.c.) and heated at 90° for 40 
hours. e solution was then neutrali with barium carbonate and filtered, and the filtrate con- 
centrated under reduced pressure to a syrup. This syrup was then fractionated from aqueous solution 
by the addition of alcohol and the following fractions were collected : 

Fraction I (3 g.), a brown solid (Found: OMe 1-8; furfuraldehyde 2-9%, equivalent to 5-9% araban). 

Fraction II (9 g.), a white solid, [a)}®’ + 18° (c, 1-64 in water) (Found: Furfuraldehyde 1-4 
equivalent to 2-9% of araban; M, from iodine number, 3400). 

Fraction III (3-6 g.), a white solid, [a}}®° + 20° (c, 1-94 in water) (Found: Furfuraldehyde, trace; 
M, from iodine number, 3500). 

The filtrate from Fraction III was concentrated to a syrup (2-5 g.), made up to 500 c.c. with water, 
and filtered. The sugar in solution was mainly L-arabinose, [a]?”° + 98° (c, 1-08 in water), and gave, 
with diphenylhydrazine, L-arabinose m. p. 205°. The yield of t-arabinose corresponds 
to the removal of some 9% of pentosan from e-galactan. 

Fraction II (1-04 g.) was then hydrolysed with boiling n-sulphuric acid for 4 hours. The solution 
was neutralised with barium carbonate, filtered, and concentrated to a syrup which crystallised. 
Trituration with alcohol gave crystalline p-galactose in 85% yield; no other sugar could be detected. 

Methylation of Fractions II and III (Material of Low Pentosan Content).—¥Fractions II (7 g.) and III 
(3-0 g., above) were combined and methylated with thallium hydroxide and methyl iodide and the 

oduct (9-7 g.) (Found: OMe, 42-4%) ionated from acetone by the addition of ether, giving : 
Testis (a) (2-3 g.), [a]?"—11° (c, 1-05 in methyl alcohol) (Found : OMe, 42-0%). Fraction (5) {6-3 g.), 
[a]}$°— 12° (c, 1-09 in methyl alcohol) (Found: OMe, 420%). The residue (1-1 g.) was a syrup and was 
not further examined. 

Fractions (a) and (b) were combined (7-5 g.) and hydrolysed with boiling methyl-alcoholic hydrogen 
chloride (1-8%; 250c.c.) for 12 hours. The products of methanolysis (8-37 g.; uj" 1-4662) were isolated 
in the usual manner and fractionated in a vacuum, giving : Fraction 10 (2-06 g.), b. p. 100O—112°/0-1 mm., 
n}®° 1-4492 (Found: OMe, 61%). Fraction 11 (1-07 g.), b. p. 115—120°/0-1 mm., }%" 1-4588 (Found : 
OM , 54%). Fraction 12 (0-96 g.), b. p. 140—150°/0-1 mm., 2?" 1-4645 (Found: OMe, 50-7%). 
Fraction 13 (2-79 g.), b. p. 140°/0-1 mm., n#*° 1-4756 (Found : OMe, 43%). 

Fraction 10 on hydrolysis with boiling N-hydrochloric acid for 4 hours gave 2: 3: 4: 6-tetramethyl 
p-galactose, [a]?” + 100° (c, 0-98 in water), which with alcoholic aniline gave 2: 3: 4 : 6-tetramethyl 
D-galactose anilide, m. p. 200°. 

Fractions 11 and 12 were combined and the whole (2-0 g.) hydrolysed with n-hydrochloric acid 
(Or c.c.) on the boiling water-bath for 4 hours. The sugar isolated in the usual manner showed 

a}}?* + 84° (c, 0-55 in water) (Found: OMe, 40-5%), and on being heated with alcoholic aniline — a 
mixture of the anilides of 2:3: 4- and 2: 4: 6-trimethyl D-galactose, m. p. 169° (McCreath and Smith, 
Joc. cit.) and 179° (Percival, J., 1937, 1615) respectively. The separation and identification of these 
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two anilides was aided by their characteristic crystalline shapes (plates and needles respectively). 
not le to estimate quantitatively the relative proportions of each sugar. 

raction 13 “4 “76 6) on . gave 2:4-dimethyl p-galactose which crystallised as the 
monohydrate, m. The non-crystalline residues on being heated with alcoholic aniline gave 


= — edt anilide, m. p. 210° after recrystallisation from water. No other sugar could 
etected 
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157. Synthetic Antimalarials: Part XXVII. Some Derivatives of 
Phthalazine, Quinoxaline, and isoQuinoline. 
By Rosert D. HawortH and STANLEY ROBINSON. 


The reactions of amines with 1: 4-dichlorophthalazine, 2 : 3-dichloroquinoxaline, and 
1 : 3-dichloro- and I-chloro-isoquinoline have been examined, and a series of derivatives of 


these heterocyclic bases has been prepared. The discovery of a quinoxaline derivative of 
marked antimalarial activity is of interest. 


In previous work of this series special attention has been devoted to arylaminodialkylamino- 
alkylamino-heterocyclic compounds, and this communication describes some phthalazine and 
quinoxaline analogues of the quinazolines discussed in Part XIV (J., 1947, 775). To the best of 
our knowledge antimalarial activity has mever been reported with these systems, and the 
phthalazine ring has not been associated with biologically active molecules. On the other hand, 
the quinoxaline nucleus is now recognised in the riboflavin molecule, and the pyrazine structure 
is found in the pterins and folic acid. 

The general procedure in the present researches involved the use of 1 : 4-dichlorophthalazine 
(I; R? = R? = Cl) and 2: 3-dichloroquinoxaline (II; R! = R? = Cl), and the halogen atoms 
were replaced successively by amino-, substituted anilino- or dialkylaminoalkylamino-groups. 
1 : 4-Dichlorophthalazine (I; R! = R* = Cl) was found to be stable towards water and alkalis, 
but its ready hydrolysis to 1-chloro-4-hydroxyphthalazine (I; Cl; R* = OH) under 
weakly acid conditions presented certain difficulties in the synthetical applications. The 
condensation with 3-diethylamino-«-methyl-»-butylamine yielded a chlorine-containing basic 
oil, which reacted with p-chloroaniline, but, as all attempts to obtain crystalline derivatives 
failed, an alternative approach was adopted. 1: 4-Dichlorophthalazime reacted with one mol. 
of anilme or #-chloroaniline in boiling alcoholic solution to yield 1-chloro-4-anilino- 
(I; R! = NHPh; R? = Cl) or 1-chlovo-4-p-chloroanilinophthalazine (1; = ~-NH-C,H,Cl; 
R* = (CI). 1: 4-Dianilinophthalazine (I; R? = R* = NHPh) was obtained by the action of 
two mols. of aniline on 1: 4-dichlorophthalazine in boiling alcohol or alternatively from 
1-chloro-4-anilinophthalazine by the action of excess of anilime at 200° or in boiling alcoholic 
solution in the presence of aniline hydrochloride. The catalytic influence of the latter is 
significant and is in agreement with the suggestion of Banks (J. Amer. Chem. Soc., 1944, 66, 
1127) concerning reactions of this type. Conditions were not discovered for reaction between 
aromatic or dialkylaminoalkylamines and 1-chloro-4-hydroxyphthalazine, and the lack of 
reactivity is probably associated with the lactam structure of the hydroxyphthalazine molecule. 

Condensation of 1-chloro-4-anilino- and -4-p-chloroanilino-phthalazine with dialkylamino- 
alkylamines was effected by heating with excess of amine at ca. 150°, and in this way 
(I; R!=NHPh; R* = NH-(CH,],*NEt,), 
(1; NHPh; R? = 
(I; R*= 
NH-(CH,]},"NEt,), and (I; R! = 
p-NH-C,H,Cl; R* = NH-[CH,],"NEt,), and 4--chloroanilino-1 -$-diethylamino-a-methyl-n- 
butylaminophthalazine (I; R! = ~-NH°C,H,C]; R* = an oil giving 
a picrate, were obtained. 

The greater stability of 2: 3-dichloroquinoxaline (II; = R*= Cl) rendered its 
preparation and application more convenient than that of 1 : 4-dichlorophthalazine, although it 
was converted into 2 : 3-dihydroxyquinoxaline by boiling with dilute acids or alkalis. The 
reaction with aniline, examined under a variety of conditions, yielded 2 : 3-dianilinoquinoxaline 
(II; R? = R? = NHPh) (contrast Lockhart and Turner, J., 1937, 424), and attempts to isolate 
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2-chloro-3-anilinoquinoxaline failed. 2: 3-Di-p-chloroanilinoquinoxaline (I1; R!= R? = 
p-NH°‘C,H,Cl) was obtained similarly from #-chloroaniline, but 2-chloro-3-p-chloroanilino 
quinoxaline (II; R!= p~-NH’C,H,Cl; R*= Cl) was obtained by refluxing an aqueous 


Ri 


suspension of 2: 3-dichloroquinoxaline and -chloroaniline in the presence of very dilute 
hydrochloric acid. This observation was made at a relatively late stage of the research, and 
probably similar conditions would lead to the successful preparation of 2-chloro-3-anilino- 
quinoxaline (II; R! = NHPh; R?* = Cl). 

Dialkylaminoalkylamines reacted readily with 2: 3-dichloroquinoxaline at ordinary 
temperatures, and (II; R! = NH*(CH,],°NEt, ; 
R*= Cl) (picrate) and (II; R! = 
NH-[CH,],"NEt,; R? = Cl) (picrate and dihydrobromide) were obtained in this way as oils 
which yielded crystalline picrates. When these chlorodialkylaminoquinoxalines were heated at 
190—200°, ethyl chloride was eliminated and 1-ethyl-1 : 2 : 3 : 4-tetvahydrvo-1: 4: 9 : 10-tetra-aza- 
anthracene (III; R=H) and_  1’-ethyl-1’ : 5’-diaza-2 : 3-pentamethylenequinoxaline (IV) 
respectively were obtained. Early attempts to condense the chlorodialkylaminoalkylamino- 
quinoxalines with p-chloroaniline were unsuccessful; no reaction took place below 170—180°, 


A 
N 
R/* 10%, H, Nr 
Et 
(III.) (IV.) (V.) 


and at this and higher temperatures intramolecular condensation occurred with elimination of 
ethyl chloride and the formation of the bases (III; R=H) and (IV). The parent 
1:2:3: 4-tetrahydro-1 : 4: 9: 10-tetra-aza-anthracene has been obtained (Bergstrom and Ogg, 
J. Amer. Chem. Soc., 1931, 53, 1846) by heating 2 : 3-dichloroquinoxaline with ethylenediamine 
at 150°, but the ready formation of base (III; R = H) and the hitherto undescribed heterocyclic 
type (IV) is noteworthy, and further experiments on these substances are in progress. The 
desired reaction between 2-chloro-3-dialkylaminoalkylaminoquinoxalines and #-chloroaniline 
was effected, however, in the presence of dilute hydrochloric acid at 100° (Banks, /oc. cit.), 
and (II; R! = ~-NH°C,H,Cl; R? = 
NH-(CH,),"NEt,) and (II; R!= 
p-NH’C,H,Cl; R? = NH-(CH,],°NEt,) were prepared in this way. 

When treated with warm alcoholic ammonia 2 : 3-dichloroquinoxaline gave excellent yields 
of 3-chloro-2-aminoquinoxaline (II; R!=Cl; R*®=NH,), which was converted into 
2-amino-3-p-chloroantlinoquinoxaline (Il; R! = ~-NH°C,H,Cl; R? = NH,) by heating with 
p-chloroaniline at 140°. This latter compound did not react with 8-diethylaminoethy] chloride, 
probably because it exists as the isomeric 2-imino-modification. 2-Amino-3-chloroquinoxaline 
reacted with dialkylaminoalkylamines at 100°, and in this manner 2-amino-3-8-diethylamino- 
ethylaminoquinoxaline (II; = R*= NH,) and 2-amino-3-y-diethyl- 
aminopropylaminoquinoxaline (II; R! = NH*(CH,],*-NEt,; R? = NH,) were obtained. 

2:3: 6-Trichloroquinoxaline (V; Rt = R? = Cl) was prepared by improved methods from 
p-chloroacetanilide in order to examine the influence of a chlorine atom in the benzene ring upon 
the biological activity of appropriate derivatives. The properties of 2 : 3 : 6-trichloroquinoxaline 
are very similar to those of the 2 : 3-dichloro-derivative. It was hydrolysed by boiling with 
acetic acid to 6-chloro-2 : 3-dihydroxyquinoxaline, but, whilst it was readily converted at 140° 
into 6-chloro-2 : 3-di-p-chloroanilinoquinoxaline (V; R! = R* = p-NH°C,H,C)), it did not react 
in the presence of hydrochloric acid to yield the mono-p-chloroanilino-derivative. Reaction 
with ammonia and dialkylaminoalkylamines occurred readily with the production of 
aminodichloroquinoxalines in high yield. The structure of the homogeneous products has not 
been established, but it is assumed that the 3-chlorine atom is preferentially attacked by anionoid 
reagent, whilst the 2-chlorine atom is stabilised by conjugation with the chlorine atom 
in position 6. Such a pronounced difference in reactivity of the 2- and 3-chlorine atoms is 


y 
| 
ii 
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remarkable and the absence of isomeric aminodichloroquinoxaline is surprising. Thus 
2 : 3: 6-trichloroquinoxaline was converted by warm alcoholic ammonia into 2 : 6-dichloro-3- 
aminoquinoxaline (V; R! = NH,; R* = Cl), which in turn reacted with p-chloroaniline at 
160° and with at 100° to give 6-chloro-3-amino-2-p-chloroanilino- 
quinoxaline (V; R= NH,; = ~-NH°C,H,Cl) and 6-chloro-3-amino-2-8-diethylamino- 
ethylaminoquinoxaline (V; NH,; R*? = In other experiments, 
2 : 3: 6-trichloroquinoxaline was condensed with §-diethylaminoethylamine; in the cold, 
2 : 6-dichloro-3-B-diethylaminoethylaminoquinoxaline (V; Ri = NH-(CH,],"NEt, ; R? = Cl) was 
obtained, but a reaction which was uncontrolled led to an impure specimen of the diamino- 
derivative (V; R! = R? = When 2: 6-dichloro-3-$-diethylaminoethyl- 
aminoquinoxaline was heated at 200°, ethyl chloride was eliminated and 6-chloro-1-ethyl- 
1:2:3: 4-tetvahydro-1: 4:9: 10-tetva-aza-anthracene (III; R=Cl) produced, and, in the 
presence of dilute hydrochloric acid, p-chloroaniline condensed with 2 : 6-dichloro-3-8-diethyl- 
aminoethylaminoquinoxaline to yield 
quinoxaline (V; R! = NH-(CH,],"NEt,; R* = ~-NH°C,H,C)). 

A few new derivatives of isoquinoline have been prepared. 1 : 3-Dichloroisoquinoline was 
stable towards boiling 2n-sodium hydroxide or 2n-hydrochloric acid, and it did not react with 
p-chloroaniline in the presence of dilute acids. When treated with /-chloroaniline in 
nitrobenzene or acetic acid solution, 1 : 3-dichloroisoquinoline was converted into a mixture of 
1 : 3-di-p-chloroanilinoisoquinoline and 3-chloro-1-p-chloroanilinoisoqguinoline, but the latter could 
not be condensed with §-dialkylaminoalkylamines. Similarly, 3-chloro-1-p-chloroanilinoiso- 
quinoline, obtained as an oil (picrate) by heating 1 : 3-dichloroisoquinoline with diethylamino- 
ethylamine did not react smoothly with /-chloroaniline. The non-reactivity of the 
3-chloro-atom in these experiments was confirmed by the behaviour of 3-chloroisoquinoline. 
This substance, prepared by a modification of the method of Gabriel (Ber., 1886, 19, 2354), was 
unreactive towards p-chloroaniline and §-diethylaminoethylamine. In marked contrast with 
the 3-chloro-isomer, 1-chloroisoquinoline reacted with -chloroaniline either at 120° or in 
presence of dilute hydrochloric acid to give 1-p-chloroanilinoisoquinoline, and with 
8-diethylaminoethylamine at 100° to yield 1-8-diethylaminoethylaminoisoquinoline (picrate and 
dihydrochloride). 

The following table gives the results of antimalarial tests carried out in the Research 
Laboratories of Imperial Chemical Industries Limited, Manchester. 

The results which relate to tests against the blood invasive forms of P. gallinaceum in chicks 
are expressed in the same way as in previous papers of this Series. 


Dose 
Ref. no. Compound. mg./kg. Activity. 
4759 + 
4998 2-Amino-3-p-chloroanilinoquinoxaline 
5017 2-Amino-3-y-diethylaminopropylaminoquinoxaline 20 —. 
5325 minoquinoxaline 80 
5987 2-Chloro-3-y-diethylaminopropylaminoquinoxaline 80 + 
5326 
5705 80 
5706 80 
+ 
5755 = 1-B-Diethylaminoethylaminoisoquinoline 


None of the compounds showed any prophylactic activity against P. gallinaceum in chicks. 
The activity of 5587 is noteworthy since it is greater than that of mepacrine. 


EXPERIMENTAL. 


1: 4-Dichlorophthalazine, prepared by the action of phosphorus pentachloride (3 parts) on 
phthalaz-1 : 4-dione at 150° (Drew and Holt, J., 1937, 16), crystalli from acetone in long colourless 
needles, m. p. 161—162° (yield, 55%), and was rapidly hydrolysed to 1-chloro-4-hydroxyphthalazine 
by warm 2n-hydrochloric acid. 

1-Chloro-4-anilinophthalazine (I; R! = NHPh; R®* = Cl).—1: 4-Dichlorophthalazine (6 g.) and 
aniline (2-8 g.) were refluxed in alcohol (60 c.c.) for '30 minutes. The mixture was basified with sodium 
hydroxide and diluted with water, eg the solid collected and crystallised from acetone. 

1-Chloro-4-anilinophthalazine (I; = NHPh; R* = Cl) (6 g.) was obtained as colourless felted 
needles, m. p. 200° (Found: C, 65- 8: H, 4-0. C,,H,,.N,Cl requires C, - 8; H, 3-9%), and gave a 
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hlovide which was insoluble in cold water and crystallised from glacial acetic acid in needles, m. p. 
270° (Found: ionisable Cl, 12-1. C,,HygNz,HCl requires ionisable Cl, 12-1%). 1-Chloro-4-anilino- 
SS was recovered after heating with excess of aniline in alcoholic cabation for 7 hours. 

1-Chlovo-4-p-chloroanilinophthalazine (I; R? = prepared simi was 
isolated as the water-insoluble hydrochloride, n m. 256°, from eB acetic acid ( ound : 
ionisable Cl, 10-9. C,,H,N,Cl,,HCl requires ionisable Cl, 1d. 8%), which was decomposed with sodium 
hydroxide, preferably in alcoholic solution. The base crystalli from acetone in colourless needles, 
m. p. 241° (Found : , 57-8; H, 57-9; H, 3-1%). 
1 : 4-Dianilinophthalazine (I; = R? HPh).—(a) 1: 4-Dichlorophthalazine (3 g.), aniline 
(3 g.), and alcoho and after basification with sodium h hydroxide 
and dilution with water, the base (I; R! — R? = NHPh) was collected and crystallised from acetone, 
long, yellow, rectangular plates (2-5 g.), m. p. 223° (Found: C, 76-6; H, 5-2. C,,H,,N, requires 
C, 76-9; H, 5-1%), were obtained. 
(b) 1-Chloro-4-anilinophthalazine (I g.) and aniline (2 g., 5 mols.) were refluxed for 15 minutes; after 
basification, excess of aniline was removed in steam and the 1 : 4-dianilinophthalazine (1-2 g.} collected. 
(c) 1-Chloro-4-anilinophthalazine (1 g.) and aniline hydrochloride (0-5 g.) were refluxed in alcohol 
for 7 hours. The solution was basified and diluted with — and the ate A collected ; crystallisation 
gave 1: 4-dianilinophthalazine (0-7 g.) and unchanged 1-chloro-4-anilinophthalazine 
4 
(1; R!= NHPh; = NH-(CH,],-NEt,).— 
1-Chloro-4-anilinophthalazine (1 g.) and £-diethylaminoethylamine (0-91 'g.) were heated for 3 hours at 
150—160°. The ¥ viscous product was dissolved in dilute acetic acid, mixed with a little charcoal, and 
filtered, and the orange-coloured filtrate was basified with 20% sodium ——.. The Product, was was 
taken up in ae and dried, and the solvent removed; the residual oil crystallised from 
petroleum (b. p. 90—120°) (charcoal "and solid potassium hydroxide) i in small cream-coloured prismatic 
needles (0-4 g.), m. p. 148-149" (Found: C, 71-3; H, 7-4. C,,H,,N, requires C, 71-6; H,7-5%). The 
picrate, prepared in alcoholic solution, had m. p. i97—199°. 
(I; R!=NHPh; R* = 
prepared similarly (7 hours at 150—160°), i from petroleum (b. p. 90—120°)-acetone in 
H. 7790) platelets (yield 50%), m. p. 174° (Found: C, 72-0; H, 7-6. CiiHy.N, requires C, 71-9 
7-7 
(I; R!=p-NH‘C,H,Cl; R? = 
ge NEW). Soaieal similarly (3 hours at 150° or 24 hours at 100°), crystallised from petroleum 
20°) in cream prismatic needles (yield 40%), m. p. 145° (Found: C, 65-0; H, 6-4. 
requires C. 64-9; H, 6-5%). 

4-p-Chloroanilino - 1 - y- diethylaminopropylaminophthalazine (I; =p-NHC,HCi; R? = 
NH-(CH,],"NEt,), prepared in 45% yield (36 hours at 100°), crystallised ios acetone-ligroin in needles, 
m. p. 181—182° (Found : C, 65-3; H, 6-6. C,,H,,N,Cl requires C, 65-7; H, aa 


R? = NH-CHMe-[CH,],-NEt,) was obtained (3 hours at 140°) as an oil, b. bn ap? $16 2300 mm., giving 
a dipicrate which from acetic acid in needles, m. p. 203— (Found: C, 48-1; H, 4-5. 


2C,H,O,N; requires C, 48-2; H, 4-5 
2 : $-Diantlinoguinoxatine ( (II; R? = HPh).—2 : 3-Dichloroquinoxaline (II; R? = R? = 

m. p. 148°, obtained in 70 % yield by by the action of a pentachloride on 2 : 3-dihydroxy- 

quinoxaline (Hinsberg and Po Ber., 1896, 29, 784), was refluxed with aniline (5 a for 10 minutes. 
Excess of aniline was removed in steam and the 2: 3-dianilinoquinoxaline collected. It separated | from 
acetic acid in long yellow needles, m. p. 123° (Lockhart and Turner, Joc. cit., give m. p. 223°), containing 
1 mol. of acetic acid (Found: C, 70-3; H, 53; equiv., 375. CopHigNaCeH,O; requires C, 70-9; 

H, 5-4%; equiv., 372) which was lost in a vacuum at 100°. The unsolvated base was obtained from 
petroleum (b. P. 90—120°) in small yellow prisms, m. p. 138—139° (Found : C, 76-9; H, 5-3. C,.H,,N, 
—, C, 76-9; H, 5-2%). The hydrochloride crystallised from alcohol in small needles, m. p- 

48— 

2-Chloro-3-p-chloroanilinoquinoxaline (If; R? = p-NH-C,H,Cl; R? = Cl).—2 : 3-Dichloroquinoxaline 
(2 g.), p-chloroaniline (1-3 g.), concentrated hydrochloric acid te c.c.), and water (100 c.c.) were refluxed 
for 24 hours. The solution was basified and steam distilled, and the residue collected, dried, taken up in 
ether, and precipitated as hydrochloride. The base was recovered and crystallised from alcohol; long 
yellow ned om , m. p. 133—134°, were obtained (Found: C, 57-9; H, 3-4. C,,H,N;Cl, requires C, 57-9; 
H, 3-1%) 

2: ili e (II; R! = R? = as described above for 
the corresponding Glanitine derivative, crystallised from methyl alcohol-acetone in needles, m. p. 
232° (Found : C, 64-0: H, 3-9. CypHgN Cl, requires C, 63-0; H, 3-7%). 

2-Chlovo-3-B-diethylamin thylaminoquinoxaline (II; = NH-(CH,],-NEt,; R* = Cl).—-Diethyl- 
aminoethylamine (2-32 g., 2 mols. ) was ; gradually added with cooling to 2 : 3-dichloroquin e (2 g.), 
and, after 14 hours below 0°, the reaction was continued for 4 hours at 15°. After addition of dilute 
hydrochloric acid the mixture was filtered (charcoal), and the — liberated by addition of sodium 


——— was taken up in a dried, and Phy coseoa The pale yellow oil (1-7 g.), b. p. 
160—170°/0-01 mm., gave a ted from propyl alcohol in yellow ms, mM. p. 
153—154° (Found : 3 47-3; 4-45. “Catt, Cl, 47-3; H, 
2-Chloro-3-y-diethylaminopropyla minoquinoxaline (II; H-(CH,],° NEt,; R? = Cl}, obtained 
similarly, was an oil, b. p. 180—182°/0-015 mm., giving a picrate which crystallised from alcohol in stout 
ellow prisms, m. p. 159° (Found: C, 48-0; H, 4-3; Cl, 68. C,,H,,N,Cl, CON requires C, 48-3; 
4-6; Cl, 6-8%), and a dikydrobromide, needles from alcohol-ether, m. p. 165° (Found: Br, 34-4. 
CiHyNCl, ,2HBr requires Br, 35- 


2%). 
thyl-1:2:3: 4-tetrahydro-} : 4:9: 10-tetra-aza-anthracene (III; R = H), obtained in 90% yield 
by heating 2-chloro-3-8-diethylaminoethylaminoquinoxaline in an oil-bath at 190° for 30 minutes, 
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from methyl alcohol (charcoal) in colourless m. p. 155—156° (Found: C, 67-2; 
H, 6-3; N, 26-8. C,.H,,N, requires C, 67-3; H, 6-5; N, am gave a mp, 200 
(decomp.) (Found: Cl, 24-5. CisHy,N,,2HC1 requires Cl, 24-7%). The preparation was repea 
the loss in weight on heating was to 


(loss of C,H,Ci requires 23-2%). In a third experiment the evolved vapours were cond 


1’-Ethyl-1’ : 5’-diaza-2 : 
(b. p 120%) in very wer pal 147° nd: C, 68-1; 70; N, 25-0. 


e ye 
requires C, 68-4; H, 70. 
aline (il R? = NH,).—2: 3-Dichloroquinoxaline (10 g.) and 
alcohol Mao cc), saturated at 0° po ted were refluxed for 20 hours. Most of the alcohol was 
removed, and, after ee with water, the precipitate was collected, dried, and extracted with ether in 
a Soxhlet apparatus. The extract was saturated with hydr ogen chloride and the precipitated 
hydrochloride, m. p. > 400° (Found: ionisable Cl, 16-2. CyHN,Cl, HCl requires ionisable Cl, 16-4%), 
was collected, dissolved in water, and basified. 3-Chloro-2-am 
alcohol in oat Ch 018%). (6 g.), m. p, 139° (Found: C, 53-8; ‘H, 3-5; Cl, 20-2. C,H,N,Cl requires 
C, 53-5; H, 3-4; 9-18 
2-Amino-3-p-chlor line (II; = p-NH’C,H,Cl; R* = NH,).—3-Chloro-2-amino- 
quinoxaline (8g) and fchloroaniine (9 g,) were heated in an‘i-bath At 140° a vigorous exothermic 
reaction developed, and, after a few minutes at 190°, the mixture was cooled and the solid product was 
powdered, shaken with dilute hydrochloric acid, and filtered. The filtrate was basified and the base 
{Found : C, 61-7; H, 41; Cl, 13-7. C,,H,,N,Cl requires C, 62-1; H, 4-1; Cl, 13-1 
2-A I R= NH-(CH,],NEt, ; R* = -—3-Chioro- 
2-aminoquinoxaline (0-85 g.) and £-diethylaminoeth ylamine {0-65 g.) were heated for 3 hours at 100°; 
and the resulting viscous oil was taken up in dilute hydrochloric acid and filtered. The base, liberated 
with sodium hydroxide and isolated with chloroform, crystallised from petroleum (b. p. 90—120°) in 
needles, m. p. 114—115° (Found : Cc, 64-3; H, 8-0. C,.H,,N, requires C, 64-8; H, 8-1 
2-A mino-3-y-diethylaminopropy e(il; Rt = R?=N )» prepared 
similarly, from ether—ligroin in long rectangular prisms, m. p. 141—142° (Fou C, 65-0; 
H, 8-3. Tequires C, 65-9; H, 8-4%), carbon value on 


analysis ; ‘the m. 

and the carbon values were, however, not changed by further crystallisation. 
Chloroanilino-3-B-diethylaminoethy line (II; R? = ~-NHC,H,Cl; R? = 
NH hloro-3-f-diethylaminoethylamin uinoxaline (2-8 g.), p-chloroaniline (1-3 g.), 


concentrated hydrochloric acid (1 c.c.), and water (100 c.c.) were refluxed for 3 hours. The clear yellow 
solution was basified, unchanged ~-chloroaniline removed in steam, and the ser eo isolated with ether 
and distilled at 0-01 mm. The giass, b. p- 220°/0-01 mm., very eous alcohol 
in buff-coloured prisms, m. p. 90—92 © containing water o exystalioation (Bound : C, 62-1; H, 6-7. 
nes. 1,H,O requires C, 61-9; H, 6-7%). 


ibid., 1916, 36, 126; Halli and Turner, 7. 1945, 700) was effected as follows. rp ee eter 
(11 g., d 1-45) and concentrated sulphuric acid (26 c.c.) was added with stirring to a solution of 
oroacetanilide (20 g.) in concentrated sulphuric acid (100 c.c.) at — 10°. Ten minutes after the 
completion of the additions, the solution was poured on ice, and the -chloro-o-nitroacetanilide was 
collected and hydrolysed by refluxing with concentrated hydrochloric acid (125 c.c.). -Chloro-o- 
nitroaniline, which was precipitated on addition of water, crystallised from benzene—ligroin in orange-red 
needles (18-4 g.), m. 34 115°. -Chloro-o-phenylenediamine, obtained in 90% yield by reducing the above 
nitro-compound with stannous chloride (Ullmann and Mauthner, Ber., 1903, 36, 4027), was converted 
into 6-chloro-2 : 3-dihydroxyquinoxaline by refluxing with ethyl oxalate (10 volumes) for 24 hours; the 
solution was cooled to 0° the product, m. p. 380°, was collected and washed with ether (compare 
Kehrmann and Bener, Helv. Chime Acta, 1925, 8, 20). " Seeoteant with phosphorus pentachloride at 
180° as described by Kehrmann and Bener (loc. cit.) gave 2:3: 6-trichloroquinoxaline (III; 
R! = R* = Ci), m. p. 143—144° from alcohol. 
6-Chloro-2 : 3-di-p-chloroanili n line (V; R! = R* = ~-NH-C,H,Cl) was obtained in 70% 
oroaniline in an oil-bath at 140°; the 
yor and the residual solid crystallised from acetone. ‘After 
separation of a small amount of yellow matted crystals, m. p. 237—-238°, which were not examined further, 
(V; R!= R? = p-NH-C ) separated in yellow needles (Found: Loss in weight at 1 13-0; 
C, 58-6; H, 4:1; N, 11-6; Cl, 23-0. C,,H,,N,Cl,,CH,-CO-CH, requires loss, 12-3; C, 58-3; H, 40; 
N, 11- 8; Cl, 22: 5%), which melted at 84°, resolidified, and melted again at 182—183°. ‘The base 
separated from benzene-ligroin in yellow needles containing 0-5 mol. of benzene (Found : Loss in 
weight at 120°, 8-9; C.9H,,N,Cl;,4C,H, requires loss, 8-6%) which melted at 135°, resolidified, and melted 


again at 180—181° (Found after drying at 120°: C, 57-6; H, 3-3; N, 13-4; Cl, 26-0. CoH 3N,Cl; 
requires C, 57-7; H, 3-1; N, 13-6; Cl, 25-6%). 


2: 6-Dichloro-3-aminoqui line (V; Ri = NH,; R* = Cl), obtained in 60% yield. by heating 
2:3: 6-trichloroquinoxaline with alcoholic ammonia as described for ~"y of 2-chloro-3- 
aminoquinoxaline, crystallised from alcohol or benzene in colourless post 
C, 45-5; H, 2-6. C,H,N,Cl, requires C, 44-9; H, 2-4%). 


. p. 221° (Found: 


of reactions : p-chloroacetanilide p-chloro-o-nitroaniline —> p-chloro-o-phenylenediamine —-> 
6-chloro-2 : 3-dihydroxyquinoxaline ——> 2 : 3 : 6-trichloroquinoxaline. 


782 Synthetic Antimalarials. Part XXVII. 


6-Chloro-3-amino-2- (V; R'=NH,; R?* = p-NH‘C,H,Cl), obtained by 
heating 2 : 6-dichloro-3-aminoquinoxaline and p-chloroaniline at 160° as described in similar cases, 
tallised from acetone—petroleum (b. p 90—120°) in yellow matic needles, m. p. 239° (decomp.) 
: C, 55-5; H, 3-6; Cl, 23-5. N,Cl, requires C, 55-1; H, 3-3; Cl, 23-3%). 
6-Chloro-3-amino-2- (V; ‘Ri= NH,; R? = NH-[CH,],"NEt,), 
obtained by heating the dichloroamine with £-diethylaminoethylamine on the steam-bath, separated 
from ether-ligroin in rectangular prisms, m. p. 124-5—125-5° (Found: C, 57-6; H, 6-8. C,,H,,N;Cl 
requires C, 57-2; H, 6-8%). 
2: 6-Dichloro-3--diethyl inoethylami e(V; Rt = NH*(CH,],"NEt,; R? = 
at 0° as described in a similar case, crystallised tos aqueous methyl alcohol i in stout elonga 
p. 83—84° (Found: C, 54-0; H, 5-6. C,,H,,N,Cl, requires C, 53-7; H, 5-7%). The 
rystallised from alcohol—ether in colourless, feathery needles, m. p. 246° (decomp.). In a second 
experiment the temperature was allowed to rise to 120°; the product crystallised from ligroin in 
less prisms, m. p. 95—97° (Found: C, 58-8; H, 8-6; Cl, 9-5. C,9H3,N,Cl requires C, 61-2; _H, 
8-4; Cl, which were impure 6-chioro-2 : 3-di-(B-diethylamin thylamino)q 
R= = NH-(CH,],"NEt, 
6-Chloro l-ethyl-1 dvo-1 : 4:9: 10-tetra-aza-anthracene (III; R =Cl), obtained by 
— vi p18? Cl; R? = NH-(CH,],"NEt,) at 200° for 10 minutes, crystallised from alcohol in stout 
m. p. 187—188° (Found: C, 57-6; H, 5-5; Cl, 14-5. C,H, ;N,Cl requires C, 57-9; H, 
eh, 14: 14- 8%). on wate loss in weight during the ‘experiment was 20-1%; the loss of 1 mol. of ethyl chloride 
uires 
-diethylaminoethylaminoquinoxaline (V; R = NH-[CH,],"NEt,; = 
p-NH-C,H,Cl), prepared by refluxing the components in aqueous suspension in the presence of a little 
concentrated ke priemene § acid as described in similar cases, was a glass, b. p. 200—230°/0-005 mm., 
which crystal My! slowly from acetone-ligroin in needles, m. p. 82—83° (Found: C, 57-1, 56-8; 
H, 6-1, 6-0; N16 16-2; Cl, 17-1; loss in weight ina vacuum at 50°, 4-2. C, requires C, 56-8: 
H, 5-9; N, 16-6; Cl, 16-8; H,O, 43%). 
3-Chloro-1-p-chloroanilino- and 1 : 3-Di-p-chloroanilino-isoquinoline.—1 : 3-Dichloroisoquinoline (2 g.) 
ree repared from homophthalimide as described by Gabriel, Ber., 1886, 19, 2354) and p-chloroaniline 
(1-27 g.) were boiled for 3 hours in glacial acetic acid (7 c.c.). The solution was basified and steam 
distilled, and the dried residue (2 g.) crystallised from acetone-ligroin. 1 : 3-Di-p-chloroanilinoiso- 
quinoline was obtained in bright yellow bg ary (0-8 g.), m. p. 233° (Found: C, 66-9; H, 3-7; N, 11-3; 
1, 18-8 Cy,HysN,Cl, requires C, 66-3 ; 3-9; N, 11-1; Cl, 18-7%), and the mother liquor yielded 
Steet é which separated from ligroin in long prismatic needles (0-4 g.), 
C, 62-4; H, 3-4; N, 9-8; Cl, 24-8. C,5H,,N,Cl, requires C, 62-3; H, 3-5; 9-7; 
24. 6% 


obtained as an oil (Found: Cl, 12-7. 


uires Cl, 128%) by heating 1 : 3-dichlorotsoquinoline and £-diethylaminoethylamine (1-2 parts) at 


100° for 3 hours, gave a picrate, which erystaliond from propyl alcohol in deep yellow prisms, m. p. 
152—153°. 

1- -p-Chloroanilinoisoquinoline. .1Chigsviccgindins wes was prepared by the method of Fisher and 
Hamer (J., 1934, 1909), but the A gegeoow m. p. 23—24°, described by these authors is impure. When 


shaken with 2n-hydrochloric acid a residue of 1: 4-dichloroisoquinoli e, m. p. 89° (Found: Cl, 35-3. 
Calc. for C,H,NCl,: Cl, 35-8%) (Gabriel, Ber., 1886, 19, ome was collected. Basification of the 
acidic filtrate gave 1-chloroisoquinoline, which separated from ligroin (b. p. 40—60°) in colourless plates, 
me 36—37°, as described by Gabriel and Colman (B (Ber., 1886, Is, 2304, 8 1892, 25, 2709). Condensation 
wi p-chloroaniline (1 mol.) either (2) by heating at 120° for 5 minutes, or (b) by refluxing for 4 hours 
with water and a small amount of hydrochloric acid, yielded 1-p-chloroanilinoisoquinoline which 
crystallised from meek Poe (b. p. 90—120°) in long rectangular rods, m. p. 140° (Found: C, 70-5; 
H, 4:3; Cl,.141 1sH,,N,Cl requires C, 70-7; H, 4:3; Cl, 140%) The hydrochloride crystallised 
from slightly ceiainct ethyl alcohol in stout prisms, m. p. 228—-230° (Found: ionisable Cl, 12-0. 
C,,H,,N,Cl,HCI requires ionisable Cl, 12-2%). 
1-B8-Diethylaminoe b. p. 170—180°/0-01 mm., was obtained by heating 
1-chloroisoquinoline and f-diethylaminoethylamine at 100° for 7 hours. The Picrate, yellow needles, 
m. p. 139—141°, gave a low carbon value on analysis (Found : C, 52-5; H, 5-0. C,;H,,N;,C,H,0,N, 
requires C, 53-4; H,5-1%). The dihydrochloride, prepared in ethereal solution, tallised from methyl 
alcohol-ether in colourless needles, m. p. 225° (Found: Cl, 22-4. C.sH4N;,2HCl requires Cl, 22-5%). 
The in acetone solution, crystallised from methyl alcohol-ether in needles 
containing 1 molecule of acetone, which soften at 80° and melt at 220° (Found: Cl, 19-2. 
C, 3H,,N;,2HC1,CH,°CO-CH, requires Cl, 19-0%) ; the solvent is lost on heating at 120° for 2 hours. 
3-Chior hloroisoquinoline.—The following gave r results in our hands than published methods (Gabriel, 
Ber., 1886, 19, 2354). 1: 3-Dichloroisequinoline (1-5 g.), red phosphorus (0-5 g.), hydriodic acid (3 c.c.), 
and ‘glacial acetic acid (7 c.c.) were refluxed for 6 hours. The mixture was basified and steam distilled ; 
3-chloroisoquinoline, which solidified in the early runnings, was collected, dissolved in 2n-hydrochloric 
acid, and filtered from the insoluble 1 : 3-dichloroisoquinoline. 3-Chloroisoquinoline (0-7 g.), recovered 
from the filtrate, had m. p. 46-5—47-5°. 


Our thanks are due to Imperial Chemical Industries se Sere ~The: Ltd. for a grant to one of us 
(S. R.), for gifts of material, and for undertaking the biological testin 
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458. The Application of the Method of Molecular Rotation 
Differences to Steroids. Part IV. Optical Anomalies. 


By D. H. R. Barton and J. D. Cox. 


The correctness of the assumptions that the molecular rotations of steroidal substances are, 
for practical purposes, independent of concentration and temperature, has been checked by 
experiment. Special attention has been paid to the validity in steroids of the Principle of 
Optical Su ition and of the Rule of Shift, and many cases of disobedience of these general- 
isations, usually ascribed to “‘ vicinal action ’’, have been examined. The variation of vicinal 
action with distance has been studied for several seriés of substituents. It has been found that 
steroidal molecules may exhibit optical anomalies if two easily polarised groups are present, and 
that, for covalently unsaturated substances, there is an mp pee correlation een the 
magnitude of the optical anomaly (AA value; see below) and the position of maximum a 
tion of the substituent groups in the far ultra-violet. This is, however, only one aspect of 
problem, and the — anomalies observed seem to depend also upon the capacity of the 
substituent groups for distortion of the framework of the molecule. It is possible, from these 
studies, to make a fairly reliable estimate of the maximum value of the optical anomaly in a 
particular steroid molecule. 


Parts I, II, and III * (Barton, J., 1945, 813; 1946, 512, 1116) have depended on the assumptions 
that the molecular rotations of steroids were, for practical purposes, concentration- and temper- 
ature-independent and that the additivity of molecular rotations was not invalidated by 
“‘ vicinal action’. This paper examines these three postulates. 

In the experimental section many recordings of specific rotations over wide ranges of concen- 
tration in chloroform solution for the Nap line will be found. In no case was the variation in 
rotation sufficient to render valueless the application of the Method of Molecular Rotation 
Differences. All the experience that has been acquired has also shown that over the temperature 
range of 15° to 25° within which recordings were made, the rotations of steroids show very little, 
if any, variation, and the temperature independence of molecular rotations in such compounds 
seems to be well proven. 

A much more important cause of uncertainty is the failure of some compounds to obey, 
within the experimental error, the principle of Optical Superposition and the quantitative form 
of the Rule of Shift (Freudenberg, Ber., 1933, 66, 177); a disobedience which may be attributed 
to ‘‘ vicinal action ’’. There has been a very large number of studies of the validity of these © 
generalisations, but it is not desirable to quote full references here. With regard to esters it may 
be said that the combination of an unsaturated alcohol with an unsaturated acid usually gives 
rise to an ester showing an optical anomaly ;{ if either of the components is saturated the 
anomaly is small, whilst if both are saturated it is negligible (cf. Rupe and Hafliger, Helv. 
Chim. Acta, 1940, 28, 53). With regard to sugars there is, in general, surprisingly good agree- 
ment with Hudson’s rules (Gorin, Kauzmann, and Walter, J]. Chem. Physics, 1939, 7, 327; 
ci. Kauzmann, J. Amer. Chem. Soc., 1942, 64, 1626), but, as is well known, in some cases there 
are serious optical anomalies the reasons for which are still not clearly understood. 

In steroids the change in molecular rotation for a given chemical transformation at (say) the 
3 position should be constant if the introduction of substituent groups in other parts of the 
molecule does not lead to vicinalaction. Vicinal action and hence an optical anomaly is obviously 
to be anticipated in steroids which bear substituents close to the 3 position, and this is shown in 
practice by the data listed in Table I, which contains a few typical examples from the literature. 
In this table and the others in this paper A,, A,, and A, are the molecular rotation differences 
observed on acetylation, benzoylation, and oxidation respectively, of the hydroxyl attached to 
C,. Incalculating molecular rotations all specific rotations have been rounded off to the nearest 
degree. The molecular weights of the steroids examined in this paper are roughly 400 + 100, 
hence a molecular rotation may be regarded as accurate to +(2 + 0°5). The difference between 
two molecular rotations (A value) will therefore be accurate to +(4 + 1) and the difference 
between a given A value and a A value taken as a standard will be accurate to +(8+ 2). In 
the tables the latter difference is denoted by the symbol AA and will be clearly < 10 in numerical 


* In view of the very rapid growth in the literature of the steroids it may be stated that in Part I the 
literature reviewed is complete to the end of June 1945 whilst in Parts II III all important references 
to the end of 1945 have been included. 

+ We have reserved the term “ optical anomaly ’’ for substances which do not show additi of 
molecular differences trivial include anomalies ca by 
impurity or the incorrect assignment of structure to refer to all possible causes as leading to 
rotation anomalies ’’. 

F 
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TABLE I. 
[M]p*. 

Substance. Alcohol. Acetate. A. AA. Refs. 
Cholest-5-en-3(8)-ol (standard) ............ — 154° — 188° — 34° — Exptl. 
4(B)-Benzoyloxycholest-5-en-3(8)-ol ...... —152 —329 —177 — 143° 1, 2 
4(8)-Butyroxycholest-5-en-3(f)-ol ......... —354 —468 —114 — 80 1 
4(B)-Propionoxycholest-5-en-3(f)-ol ...... —403 —485 — 82 — 48 1 
4(B)-Acetoxycholest-5-en-3(8)-ol ............ —395 —442 _— 47 — 13 1, 2, 3, 4 
4(B)-Hydroxycholest-5-en-3(f)-ol’ ......... — 242 —289 + — 47 — 13 2, 3, 5 
Cholestan-3(B)-ol-2-one ............0eeeeeeeeees +261 +324 + 63 + 97 6 
Cholestan-3(8)-ol-4-one { ........seseseeeeeeee + 60 — 36 — 96 — 62 6 
Cholest-4-en-3(8)-ol-6-one — 52 — 226 —174 —140 7 


* All molecular-rotation data in this paper are for the Nap line and in chloroform solution unless 
specified to the contrary. 

+ The value given for the rotation of this acetate in Ref. 5 has been taken as correct. A considerably 
different value as well as a lower m. p. were reported earlier (Ref. 4). 

t The assignment of configuration at C, is only probable and not proved. 


value in the absence of vicinal action. * When the AA values are > 10 they may be taken as 
quantitative measures of the optical anomalies due to vicinal action. In Table I it may be 
pointed out that the series of 4(8)-acyloxy-substituents of cholesterol shows a progressive decrease 
in AA, values with decreasing bulk of the substituent. Table II, which gives AA values for the 
reduction of the A®-bond, also illustrates the point made by Table I, it being observed that in 
many examples there are the expected large optical anomalies. 


TABLE II. 
[M]p. 

Substance. Unsaturated. Saturated. A. AA. Refs. 
Cholest-5-en-3(f)-ol (standard) ............ —154° + 89° +243° — Exptl. 
—207 + 91 +298 +565° Exptl. 
3(B)-Chloro-cholest-5-ene * —122 +102 +224 —19 Exptl. 
Cholest-5-en-3-one — 30 +162 +192 Exptl. 
Cholest-5-en-3(8)-yl acetate —188 + 60 +248 + 5 Exptl. 
Cholest-5-en-3(8)-yl benzoate .............+ — 74 + 94 +168 —175 Exptl. 


* The designation 3(f) has the true stereochemical significance ; see Shoppee (J., 1946, 1138, 1147). 


It is generally conceded that the forces responsible for vicinal action must decrease with 
increase of distance (Kauzmann, Walter, and Eyring, Chem. Reviews, 1940, 26, 339), and in the 
sugar field Freudenberg and Kuhn (Ber., 1931, 64, 719) consider that they are negligible after 
transmission through two saturated carbon atoms. So far there have been no systematic studies 
to test this assumption with optically active molecules containing a variety of chromophores, 
although steroid molecules would seem particularly suited to this purpose. The correctness of 
the view that vicinal action decreases with distance, for molecules bear- 
ing only the groupings -O-H, -C—C-, and ~C—O, is proved by the 
. data listedin Table III. It will be seen that for A, values vicinal action 
decreases progressively as the substituent ethylenic linkage or ketonic 
group is removed further from the 3 position. In both series vicinal 
action is negligible after transmission through three saturated carbon 
atoms. 

‘ : In Table III and elsewhere in this r comparison is made 
aentuenn between steroids which differ from poy wi by the removal or 
addition of various saturated alkyl groups in the side chain. Such changes certainly do not 
cause vicinal action at the 3 position. In support of this are the data listed for androstan-3(8)-ol, 
17-methylandrostan-3(8)-ol and allopregnan-3(8)-ol in Table III. More striking support is the 
exact agreement between the A, values for cholesterol and 6-sitosterol (see Part I, Table IT), for 
A, values of this type are particularly sensitive to optical anomalies (see below). It would be 
possible to quote many other examples from the literature to substantiate this view. 

Table IV also deals with the variation of vicinal action with distance for A, and A, values in 
a series of ethylenic compounds and in a series of ketones. For the acetates it will be noted that 
AA, values do seem to decrease with distance but only become negligible after transmission through 
at least 5 saturated carbon atoms. For the benzoates vicinal action is still strong in ergost-14- 
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TaBLE III. 

Substance. Alcohol. Ketone. As. AA; Refs 
Cholestan-3(f)-ol (standard) ............... + 89° +162° + 73° — Exptl 
Cholest-5-en-3(B)-ol —154 — 30 +124 +51° Exptl 
Ergost-7-en-3(B)-Ol —.......eeeeeeeeeeeeeeeeeees — 8 + 88 + 96 +23 Exptl 
Cholest-9(11)-en-3(B)-ol +193 +277 + 84 +11 7,8 
Ergost-8(14)-en-3(B)-Ol + 44 +119 + 75 2 Exptl. 
Ergost-14-en-3(B)-ol + 88 +159 + 71 —2 Exptl. 
Androst-16-en-3(B)-Ol  ........:eseeeeeeeeeeeee + 30 +103 + 73 +0 9 
Cholestan-3()-ol-6-one ............sseeeeeeeees — 24 + 16 + 40 —33 Exptl. 
Cholestan-3(8)-ol-7-one —144 — 76 + 68 — Exptl. 
Androstan-3(B)-ol-17-one .............0+e0ee0 +261 +325 + 64 — 9 Exptl. 
alloPregnan-3()-ol-20-one ............. +305 +382 + 77 +4 Exptl. 
Androstan-3(8)-0l + 3 + 84 + 81 + 8 9, 11 
17-Methylandrostan-3(f)-ol —............++- + 17 + 92 + 75 + 2 10 
alloPregnan-3(B)-Ol  ............seececceceesers + 57 +139 + 82 +9 10 
Ergosta-8(9) : 14-dien-3()-ol ............... — 76 — 4 + 72 —l Exptl. 

TABLE IV. 
(Mlp. 

Substance. ‘Alcohol. Acetate. Benzoate. A,. A, AA; AA,. Refs. 
Cholestan-3(f)-ol (standard) ...... + 89° + 60° + 94° -—29° + 5° — — Exptl. 
Cholest-5-en-3(B)-ol —154 —188 — 74 =-—34 +80 — 5° +75° Exptl. 
Ergost-7-en-3(B)-ol — 8 — 18 +10 —10 +18 +19 +13 Exptl. 
Cholest-9(11)-en-3(f)-ol............ +193 +137 +201 —56 +8 -27 +3 7 
Ergost-8(14)-en-3(B)-ol +44 + 4 + 0 -44 -—49 Exptl. 
Ergost-14-en-3(B)-ol + 88 + 58 +116 —30 +28 — 1 +423 Exptl. 
Cholestan-3(8)-ol-®one ............... -% +20 —47 +44 -—18 +439 Exptl. 
Cholestan-3(8)-ol-7-one .............+. —144 —163 — 86 —19 +58 +10 +53 Exptl. 
Androstan-3(8)-ol-17-one ............ +261 +229 +272 —32 +11 —3 +6 Exptl. 
alloPregnan-3(f)-ol-20-one ......... +305 +277 +319 -—28 +14 +1 +9 Exptl. 
Ergosta-8(9) : 14-dien-3 — 76 —158 15 —82 +61 -—53 +56 Exptl. 
Ergosta-7 : 22-dien-3(8)-o 

—182 —214 —32 —5 —3 -10 12 


en-3(f)-ol in the olefinic series, but has become negligible in the ketonic series at androstan-3(8)-ol- 
17-one. From the data in Table IV it will be seen that the conjugated unsaturation in ergosta- 
8(9) : 14-dien-3(f)-ol leads to large AA values. It will also be perceived that while ergost-7-en- 
3(8)-ol shows A, and A, values which demonstrate beyond doubt the existence of opticalanomalies, 
such anomalies are not observed in the analogous 7 : 8-oxide from ergosta-7 : 22-dien-3(8)-ol. 
It has been generally taken for granted that substituents in the steroid side chain or at the 
17 position are too far removed to cause vicinal action at the 3 position. The A, and A, values 
in the first part of Table V provide good evidence in support of this assumption for the >C—O 
group, the OH group, the -C—C- group, and even the readily polarisable -CBr-CBr- grouping 
as substituents. In the second part of Table V are recorded figures for substances with highly 


TABLE V. 
(M]p. 
Substance. ‘Alcohol. Acetate. Benzoate. A, A, Ady. Refs. 
Cholest-5-en-3(8)-ol (standard) ... —154° —188° — 74° —34° + 80° — _ Exptl. 
Androst-5-en-3(8)-ol-17-one ......... + 6 — 23 + 94 —29 + 88 5° 8° Exptl. 
17(B)-Methylandrost-5-ene- 
—258 —294 —-175 +83 -—2 +3 Exptl. 
Pregn-5-en-3(f)-ol-20-one ............ + 79 + 60 +168 -—29 + 89 +65 +9 Exptl. 
Sti -5 : 22-dien-3-(f)-ol ...... —210 — 250 —-134 -40 +76 —6 —4 Exptl. 
Stigmasta-5 : 22-dien-3()-ol 
22 : 23-dibromide —132 —172 —41 -40 +91 —6 +11 Exptl. 
— 17 + +177 29 —3 Exptl. 
Androst-5-ene-3() : 17(f)-<iol 
17(B)-benzoate —445 —449 —339 —4 +106 +30 +26 Exptl. 


Androst-5-en Sen 4- 
phenylsemicarbazone ............ — 13 + 16 + 8 +29 + 97 +63 +17 Exptl. 
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unsaturated groups attached at the 17 position. Here both acetates and benzoates show optical 
anomalies, the A, value for the 4-phenylsemicarbazone being remarkable. Clearly vicinal action 
is transmitted in these substances throughout the whole length of the molecule. 

Table VI is concerned with a similar investigation, but in this case with the effect of side- 
chain substituents in causing optical anomalies in A, values. In androst-5-ene-3(f) : 17(«)-diol 


TABLE VI. 

Substance. Alcohol. ‘Ketone.* As. AAs. Refs. 
Cholest-5-en-3(f)-ol (standard) —154° +357° +611° Exptl. 
Androst-5-ene-3(B) : 17(a)-diol —183 +340 +523. + 12° Exptl. 
17(B)-Methylandrost-5-ene-3(8) : 17(a)-diol ......... —258 +257 +515 + 4 Exptl. 
Androst-5-en-3(8)-ol-17-one ........ heetekereaaawnes + 6 +572 +566 + 55 Exptl. 
Pregn-5-en-3(B)-ol-20-one  ........-.-ceeeeeeeeeeeeeeeees + 79 +631 +552 + 41 Exptl. 
Androst-5-ene-3(8) : 17(a)-diol 17(a)-benzoate...... — 12 +615 +627 +116 Exptl. 
Stigmasta-5 : 22-dien-3(B)-ol ............0esereeeeeeeees —210 +258 +468 — 43 Exptl. 
Stigmasta-5 : 22-dien-3(8)-ol 22 : 23-dibromide ... —132 +336 +468 — 43 Exptl. 
24 : 24-Diphenylchola-5 : 20(22) : 23-trien-3(8)-ol — 10 +686 +696 +185 13 


* The figures quoted in this table refer, of course, to A‘-3-ones. 


and 17(8)-methylandrost-5-ene-3(8) : 17(«)-diol, containing covalently saturated hydroxy] groups, 
the A, values recorded show no significant optical anomalies, but with all the other substances 
listed in the table large anomalies are found. The magnitude of the AA, values is about the 
same for the -C—O and for the -C—C~- group, whilst, since there is a very large anomaly, with 
the highly polarisable 17(«)-benzoyloxy-substituent, it is of interest that the AA, value for the 
-CBr-CBr- grouping is also about the same. The very highly unsaturated 24 : 24-diphenyl- 
chola-5 : 20(22) : 23-trien-3(8)-ol shows the largest AA, value of all the compounds examined. 
The substances in this table illustrate particularly well that vicinal action can, in the appropriate 
compounds, be transmitted through the whole of the steroid molecule from the side chain to ring 
A, a distance of over 10 a. 

The effect of a further series of very highly unsaturated side-chain substituents on A, values 
is illustrated by the data, taken from the literature, in Table VII. It will be noted that, rather 


TaBLe VII. 
Substance. Alcohol. Acetate. A,. Refs. 

Cholestan-3(f)-ol (standard) + 89° + 60° — 29° Exptl. 
24 : 24-Diphenylallochol-23-en-3(8)-ol ............... + 203 + 183 — 20 + 9 14 
3(8)-Hydroxyalloetiochola-14 : 16-dienic acid ... +1014 +1131 +117 +146 19 
Cholan-3(a)-ol type — + 83 oe 15 
24 : 24-Diphenylchol-23-en-3(a)-ol ............-2.00+ + 278 + 344 + 66 — 17 14 
* 24: 24-Diphenylchola-20(22) : 23-diene- 

3(a) : 12(a)-diol 12(a)-acetate .............-.0eeeeee0 +1087 +1170 + 83 + 0 16 
24 : 24-Diphenylchola-20(22) : 23-dien-3(a)-ol ... + 401 + 450 + 49 — 34 14 
* 22 : 22-Diphenylbisnorchol-20(22)-ene- 

+1718 +1930¢ +212 +129 17 


* In the original publications these substances were listed as possessing a 12(8)-ol grouping. This 
has been oben owe to 12(a)-ol in accordance with the view now generally hy 
+ These rotations were recorded in acetone solution. 


surprisingly, large AA, values are not generally recorded. The one example with a very high 
AA, value is also a substance of high optical rotatory power so that its molecular rotation 
differences are particularly sensitive to small amounts of impurity. The optical anomaly may 
not, therefore, be so great as Table VII would indicate. The optical rotatory power data for 
3(8)-hydroxyalloetiochola-14 : 16-dienic acid are of interest because here a highly unsaturated 
grouping is introduced into the nucleus of the steroid molecule. In contrast with all but one 
of the other substances in Table VII a large optical anomaly is observed. 

From the discussion given above it will be apparent that optical anomalies occur only in 
unsaturated steroids. It is well known that unsaturation in optically active substances is often 
associated with high optical rotatory power, and it is of importance therefore to establish that 
this high rotatory power does not automatically give rise to optical anomalies. The data of 
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Tables III, IV, V,and VI show that there is no such relationship. Thus derivatives of 
androstan-17-one and allopregnan-20-one in Tables III and IV, although of high rotatory 
power, do not show optical anomalies, whereas derivatives of cholestan-6-one and ergost-7-ene, 
although of low rotatory power, do. 

Many theories of optical activity concern themselves with the polarisabilities of the groups 
making up the optically active molecule (Kirkwood, J. Chem. Physics, 1937, 5, 479). It is of 
interest, therefore, to see if there is any direct connection between group polarisability ‘and the 
incidence of optical anomalies. The data of this paper show that major changes in the polaris- 
ability of the steroid molecule, for example the complete removal of the side chain and its 
replacement by saturated or relatively saturated groups of small polarisability, do not necessarily 
cause an optical anomaly. Differential group polarisability, defined as the difference in 
polarisability between an unsaturated group and that of the same group when the covalent 
unsaturation has been saturated with hydrogen, also bears no obvious relationship to the 
incidence of optical anomalies. Thus the differential polarisability of the benzoate grouping is 
very much greater than that of the acetate group, or of the -C—C-C—O and ~C—C-C—C- 
groups, yet the optical anomalies in molecules containing the benzoate grouping are mostly com- 
parable with those of the corresponding acetates. Moreover the -C—C-C—O and ~-C—C-C—C- 
groups lead to very much greater optical anomalies than the benzoate grouping as shown, for 
example, by the negligible AA, values for androstan-3(8)-ol-17-one and allopregnan-3(f)-ol- 
20-one (Table IV) as compared with the large optical anomalies shown in the comparable AA, 
values (Table VI). 

In spite of any direct correlation between polarisability and AA values it remains true that 
optical anomalies only occur in steroidal molecules containing two easily polarised groups. 
Also the anomalies are small or negligible with groups that are covalently saturated but co- 
ordinatively unsaturated (see Braude, Ann. Reports, 1945, 42, 117), whilst they are relatively 
large with groups that are covalently unsaturated. This is illustrated by the data in Table VI, 
which have already been discussed above. Leaving out of consideration such covalently satur- 
ated groups it will be seen from Table VIII that there is a general qualitative relationship 
between the incidence of optical anomalies and the position of the absorption maximum furthest 
in the ultra-violet which is characteristic of the whole covalent unsaturation of the grouping. 


TaBLe VIII.* 
Grouping. Amax. (my). Remarks. 

pe 4 S180 }No optical anomalies; covalently and co-ordinatively saturated. 
-C—Cl <160 Doubtless no optical anomalies; covalently saturated. 
-O—H ~180 No optical anomalies: covalently saturated. 

Cm a }only small optical anomalies in most cases; covalently unsaturated. 
~O- 190 No optical anomalies; covalently saturated. 
-CO—O- 204 More liable to _ optical anomalies than the -C—C- or -C=O 
Ph—CO—O- 230 groups; covalently unsaturated. 
-C=C—C=—0O large optical anomalies in most cases; covalently un- 
-C=C—C=C- saturated. 
CPh,—C- Discussed in the text. 
-C—Br 260 In most cases no optical anomaly; covalently saturated. 


-C=C—C=C—CO,H ~300 ¢ Large optical b eegame when substituted into the steroid nucleus. 
CPh,=C—C=C- 310 Discussed in th 

* The absorption-spectra data are mostly wisn end Braude, Ann. Reports, 1945, 42, 105. 

+ The Amex. ta given here refer specifically to the steroidal compounds discussed in the text. 


From an empirical approach it is possible to gain some idea as to the maximum value of the 
optical anomaly in a steroidal molecule bearing two easily polarised groups. In the figure the 
product of 2, and 2,, these being ultra-violet absorption maxima taken from Table VIII, 
is plotted against m x |AA| where » > 3 is the number of saturated carbon atoms between the two 
groups (in acyloxy-derivatives the carbon atom to which the acyloxy-group is attached is not 
counted) and |AA| is the observed optical anomaly. The introduction of into the plot takes 
account of the falling off of vicinal action with distance already discussed above. From the 
straight line the maximum value that |AA| might be expected to attain in a given molecule may 
be roughly evaluated. 

Besides the ease of electronic transition shown by covalently unsaturated groups, these groups 
must often also possess the property of causing a considerable degree of strain when introduced 
into saturated molecules. The amount of strain produced must depend not only on the covalently 


t 
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unsaturated grouping but also upon the position into which it is substituted in the originally 
saturated molecule. Thus the strain produced in a ring system must usually be much greater for 
a pair of conjugated ethylenic linkages than for a single ethylenic linkage, and again the strain 
produced by a single ethylenic linkage in a ring system must generally be greater than that pro- 
duced by a ketonic grouping. Furthermore the strain produced by the introduction of a pair of 
conjugated ethylenic linkages into one ring of the steroid nucleus must be greater than that 
produced by the same pair in two different rings of the nucleus. Also the strain produced by 
(say) a benzoate or acetate grouping attached by a single linkage to the steroidal nucleus must 
be relatively small. Although these concepts cannot, as yet, be placed on a quantitative basis, 
it will be clear that the capacity of covalently unsaturated substituents for causing strain does 
not necessarily vary in the same order as their ease of electronic excitation. It is suggested that 
this differentiation in the properties of covalently unsaturated groupings is related in a 
general qualitative manner to the incidence of optical anomalies. Considering, for the moment, 
steroid molecules which may be regarded as derived from a standard framework [usually 
cholesterol or cholestan-3(8)-ol] by the introduction of substituent groups not in close proximity 
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to each other, certain generalisations can be made regarding the incidence of optical anomalies 
(Barton and Cox, Nature, 1946, 159, 470). Substituent groups may be divided into three classes : 

(i) Those causing no anomalies in molecular rotation, i.e., C-H, C-C, C-OH, ~O-; groups 
which are not easily polarised and which do not distort the molecular framework. 

(ii) Those causing major anomalies only in the presence of class (iii) substituents, i.e., C-Br, 
C-OAc, C-OBz, C—O, C—C; groups which are more or less easily polarised but which do not 
cause a high degree of strain in the molecular framework. 

(iii) Those causing, in general, major anomalies if another member of class (ii) or (iii) is 
present, 1.e., C—C, C—C-C—O, C—C-C—C; groups which are easily polarised and which 
distort the molecular framework. 

Clearly there is no rigid dividing line between the groups placed in classes (ii) and (iii), and, 
for example, the ethylenic linkage must be placed in both of these classes, although steroids 
containing two ethylenic linkages, one in the side chain and the other in the steroidal nucleus, 
do not exhibit large optical anomalies. Moreover the amounts of distortion produced by the 
introduction of class (iii) substituents must be dependent on the actual positions they occupy in 
the molecule; it must be greater, for example, for substitution into the polycyclic ring system 
of the nucleus than for introduction into the long side chain (cf. Table VII). 

The view that the strain produced by covalently unsaturated groups in a molecule is a very 
important factor in governing the incidence of optical anomalies provides a clue to the mechanism 
by which long distance “ vicinal action ” may be transmitted. This type of interaction is most 
probably an intramolecularly propagated effect because of its concentration independence and 
because there is no steady decrease in AA values with distance as might be expected for an 
effect transmitted through space. The introduction of covalently unsaturated groupings into a 
molecule leads to a flexing of valency angles and, to a lesser extent, to an alteration in bond 
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lengths, in the immediate environment of the substitution. This flexing of valency angles must 
also occur to a lesser degree for the next most proximate atomic nuclei and must be passed on 
through the molecule for some distance before it dies out completely. Such possibilities have 
been appreciated for many years, but, as far as we are aware, this is the first time that evidence 
has been provided that such interaction can be handed on for distances of the order of 10 a. 

There are two aspects, therefore, to be considered in the discussion of optical anomalies. 
First, the polarisabilities of the groups which lead to easy electronic transitions and thus to 
induced anisotropies which make large contributions to the optical rotatory power. Secondly, 
the deformation of the molecular framework by the introduction of covalently unsaturated 
groups which provides a means by which these groups may interact. 

It is suggested that the data in Table IX may provide an illustration of the two effects. Both 
7-methylenecholest-5-en-3(8)-ol and ergosta-5 : 7 : 22-trien-3(8)-ol have the ring B chromophore 


TaBLeE IX. 
[M]p. 
Substance. ‘Alcohol. Acetate. Benzoate. A, Ay AA; Ady. Refs. 

Cholest-5-en-3(f)-ol (stan- 

Cholest-5-en-3(8)-ol-7-one ... —416 —455 —277 — 39 +139 — 5° +659° Exptl. 
7-Methylenecholest-5-en- 

—760 —783 —612 — 23 +148 +11 +68 18 
7-Methylcholest-5-ene- 

—125 —160 —35 +89 1 +9 =18 
Ergosta-5 : 7 : 22-trien-3(8)- 

—523 —413 —345 +110 +178 +144 +98 Exptl 


at equal distances from the 3 position, and both chromophores are equally polarisable. However, 
in the ergostane derivative where the molecule is more strained, the optical anomalies are much 
larger. It is significant that cholest-5-en-3(8)-ol-7-one, which must have an appreciable dipole 
moment, has A, and A, values identical with those of 7-methylenecholest-5-en-3(8)-ol, the 
obvious similarity between the two being that both distqrt the molecular framework to the same 
extent. On the other hand when the conjugation in ring B is destroyed, and the polarisability 
greatly reduced, as in 7-methylcholest-5-ene-3(8) : 7-diol, then the A, and A, values are in good 
agreement with those for cholest-5-en-3(8)-ol. 

It is now possible to predict by empiricism when an optical anomaly will not occur and also 
when one may be expected, as shown above. Nevertheless it is an unfortunate aspect of the 
optical anomalies discussed in this paper that it is still not possible to explain the absence of an 
optical anomaly when, from the unsaturation of the molecule, one might be expected. This 
is brought out by the A, value for cholest-5-en-3(8)-ol being nearly identical with the A, value for 
cholestan-3(8)-ol (Table IV), and by the A, value for ergosta-8(9) : 14-dien-3(8)-ol being identical 
with the A, value for cholestan-3(8)-ol (Table III). Other examples will be seen from the tables. 
It is only by taking an overall picture of the optical anomalies in steroids that the quae 
discussed in this paper become apparent. 
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EXPERIMENTAL. 


The substances whose rotations are listed below. were all purified as carefully as possible to constant 
2 constant rotation. All specimens were dried in a vacuum at 20° below their m. p.s, or at 120° 
whichever was the lower temperature. All rotations are for the Nap line and in chloro solution 
—— specified to the contrary. The measurements were made at room temperature which varied from 

5° to 25°. 

In order to improve the accuracy of the rotation measurements, most readings were taken using 
macro-tubes. Normally 1 dm. tubes were employed, but rotations marked with an asterisk were 
recorded using a 2 dm. macro-tube. Values obtained using a 1 dm. micro-tube have this fact indicated 
after each individual rotation. All values of [a]p have been approximated to the nearest d as in 
Parts I, II, and III. Concentrations (c) are expressed in g. per 100 ml. of solution. For the calculations 
the specific rotations at c, 2-00, or at the nearest concentrations to this at which measurements were made, 
have been taken as the most suitable. In no case, however, was there any marked variation of specific 
rotation with concentration (see text). 

Acetylations were carried out by refluxing the substance with acetic anhydride for 30 minutes; 
benzoylations by the usual pyridine procedure, the reactants being left for 24 hours at room temperature 
to complete reaction. Alkaline hydrolyses were effected by using several equivalents of potassium 
hydroxide and refluxing the reactants for 30 minutes in methanolic or dioxan—methanolic solution 
depending upon the solubility of the ester. The use of milder conditions in all these procedures, when 
required, is mentioned specifically below. Chromic acid oxidations were carried out at room temperature, 
the reactants being left for 24 hours in acetic acid or ether—acetic acid solution depending upon solu- 
bility requirements, and slightly more than the theoretical amount of chromic acid being used. 

penauer oxidations were performed under the usual conditions (Barton and Jones, J., 1943, 599) 
except that it was found advantageous to use only half the amount of acetone there i and to carry 
oat the refluxing for only 4 hours instead of the usual 16 hours. It was found that the use of resublimed 
aluminium #ert.-butoxide is not essential, and material crystallised from benzene was employed instead. 
It is usually considered that the Oppenauer procedure cannot be applied for the oxidation of secondary 
alcohols unless the alcohol grouping is activated by the close proximity of an ethylenic linkage. 
Nevertheless we have experienced no difficulty in making such application as will be seen from the 
examples quoted below. 

ith some substances it has proved advantageous to ensure purity by the use of the chromatographic 
method (see Barton and Jones, /., 1943, 602). 

M. p.s are uncorrected. 

Derivatives.—Androst-5-en-17-on-3(f)-yl acetate (British Schering Ltd.), i 
from acetone—methanol, had m. p. 172°, [M]p — 23°. The following dependence of rotation on concen- 
tration was observed : 

14-55 7-28 5-14 2-91 2-06 1-67 


Androst-5-en-3(8)-ol-17-one (dehydroisoandrosterone), recrystallised from methanol, had m. p. 148°, 
[a]lp + 2°(c, 5°37), + 2°(c, 2-15), [M]p + 6°. 

The rotations of androstan-3(8)-ol-17-one (isoandrosterone) and its acetate were recorded in Part III. 

Androst-5-en-17-on-3(8)-yl benzoate, recrystallised from chloroform-ethyl acetate, had m. p. 257°, 
[a]p + 24°(c, 2-22), + 23°(c, 0-89), [M]p + 94°. 

Androstan-17-on-3(B)-yl benzoate, recrystallised from acetone—methanol, had m. p. 216° [a]p + 69°(c, 
1-44), + 68°(c, 0-58), (M)p + 272 (Found: C, 79-5; H, 8-8. C,,H,,0, requires C, 79-2; H, 8-7%). 

Androst-5-en-17-on-3(B)-yl acetate 4-phenylsemicarbazone was prepared by condensation of androst-5- 
en-17-one-3(8)-yl acetate on the water-bath for 10 minutes with the equivalent amount of 4-phenylsemi- 
carbazide in alcoholic solution made acid with acetic acid. Recrystallised from chloroform—methanol, it 
268—269°, [a]p + 3°(c, 2-11), + 4°(c, 2-05), [M]p + 16° (Found: N, 9-3. C,,H,,0O,N, requires 

91%). 

Androst-5-en-3(B)-ol-17-one 4-phenylsemicarbazone was prepared by condensation of androst-5-en-17- 
one-3(f)-ol with 4-phenylsemicarbazide under the conditions specified above. Recrystallised from 
alcohol, it had m. p. 237—238° (decomp.), [a]p(in chloroform—alcohol, 98 : 2 parts by volume) — 4°(c, 1-76), 
— 2°(c, 1-50), — 2°(c, 1-08), [M]p — 13° (Found: N, 9-6. C,,H;,0,N; requires N, 9-9%). 

Androst-5-en-17-on-3(B)-yl benzoate 4-phenylsemicarbazone was prepared by benzoylation of the 
corresponding alcohol in pyridine solution under the usual conditions, except that the reactants were left 
together for 30 minutes only. Recrystallised from chloroform—methanol, it m. p. 283—284° (decomp.) 
1-64), + 14°(c, 0-64), [M]p + 84° (Found: C, 75-3; H, 7-5. 3,0,N, requires C, 75-4; 


Androst-5-ene-3(8) : 17(a)-diol (British Schering Ltd.), recrystallised from acetone-methanol, had 
m. p. 180°, [a]p — 61°(c, 1-50; in chloroform—alcohol, 90 : sc? ree by volume), — 61°(c, 1-00; in chloro- 
oe 96 4 4), — 63°(c, 0-30; in chloroform-alcohol, 98 : 2); extrapolated [a]p in pure chloroform 
— 63°, [M]p — 183°. 

: 17(a)-diol (British Ltd.), recrystallised from acetone- 
methanol, had m. p. 204°, [a]p — 85°(c, 1-04; in chloroform-alcohol, 85:15 parts by volume), — 85° 
(c, 0-91; in chloroform—alcohol 98 : 4). {M]p — 258° (in pure chloroform by extrapolation). 

17(B)-Methylandrost-5-ene-3(8) : 17(a)-diol 3(8)-acetate was prepared from the corresponding diol by 
acetylation with acetic anhydride in pyridine solution for 24 hours at room temperature. Recrystalliesd 
from acetone, it had m. p. 174°, [a]p — 85°(c, 1-35), [M]p — 294°. 

17(B)-Meth pepe : 17(a)-diol 3(B)-benzoate was prepared from the corresponding diol by 
treatment with benzoyl chloride in pyridine solution at room temperature for 2 hours. R ised 


from methanol, it had m. p. 197—198°, [a]p — 43° (c, 2-05; micro-tube), [M]p — 175° (Found: C 77-9; 
H, 8-5. C,,H,;,03,4H,O requires C, 77-8; H, 8-9%). 
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Androst-5-ene-3 17(a)-diol 3(8)-acetate 17(a)-benzoate (British Schering Ltd.), recrystallised 
acetone, had ~ — 4°(c, tube), 4°(c, 2-86), — 4°(c, +33), — 4°(c, oan 
micro-tube), — 3°(c, 1- 34), [ — ae 


Androst-5-ene-3(8) : 17(a) fol 17(a)-benzoate was prepared from the corresponding 3(8)-acetate 
(see above) by lysis with the theoretical amount of methanolic room 
ag gw for 24 hours. Recrystallised from acetone—methanol, it . 218°, talp — 4°(c, 3-28), 
(c, 2-41), — 3°(c, 1-89; micro-tube), — 4°(c 1-64), — 3°(c, 0-91; br bert ), [M]p — 12°. 
~ Andvost-b-ene- -3(B) : 17(a)-diol dibenzoate, recrystallised from chloroform-acetone, had m. p. 217°, 
[aly + 13°(c, 1-80), + 12°(c, 1-55), + 13°(c, 0-95; micro-tube), + 13°(c, 0-90), [M]p + 65° (Found: ¢ 
79-5; H, 7-8. 3,0, requires C, 79-5; H, 
Androst-5-ene-3(B) : 17 )-diol 3(8)- -acetate 17 (British Ltd.), recrystallised from 
acetone—methanol, had m. p. 129°, [a]p — 2-00), — 103°(c, 1-05), —103°(c, 0- [M]p — 449°. 
Androst-5-ene-3(8) : 17(8)-diol 17(8)-benzoate was prepared from the corresponding 3(8)-acetate (see 
above) by hydrolysis with the theoretical amount of methanolic potassium hydroxide my room temperature 
for 24 hours. Recrystallised from aqueous methanol, it had m. p. 148-5° (after —— eS ina 
vacuum at 70° and a [aly — 113°(c, 2-57; micro-tube), — 113°(c, 0-78), [M]p — 
Androst-5-ene-3(B) : 17(B)-diol dibenzoate, recrystallised from ethyl acetate—methanol, had m. . 152°, 
(ap — — 68°(c, 1-64), [M]p — 339° (Found : C, 79-6; H, 7-9. Cy3H;,0, requires C, 79-5; H, 7-79 4). 
Androst-4-ene-3 : 17-dione was prepared by the method of Ruzicka an a (Helv. Chim. Acta, 
1935, 18, 986) from androst-5-en-3(8)-ol-17-one and purified by chromatogra Recrystallised from 
(b. p 4 . 40—60°)—benzene, it had m. p. 172°, [a]p + 199°(c, 1-98), 201°(c, 1-03), + 202° 
c, 0-5 p+ 57 
Androstane-3 : 17-dione was an poe by chromic acid oxidation of androstan-3(8)-ol-17-one and 
tified by chromatogra’ eo ecrystallised from light petroleum (b. p. 40—60°), it had m. p. 127°, 
+ 111°%(c, 1-22), + 113°(c, 1+ [M]p + 325°. 
Androst-4-en-17(a)-ol-3-one (testosterone) was p by alkaline hydrolysis of the oe ding 
ionate (British Schering Ltd.). Recrystallised from aqueous methanol, it had m. p. 1 151°, 
Fale + 118°(c, 2-29), + 119°(c, 1-14), + 117°(c, 1-08), [M]p + 340°. 
Androst-4-en-3-on-17(a) ro benzoate was prepared from androst-4-en-17(a)-ol-3-one by benzoylation. 
wie elo" from chloroform—acetone, it had m. p. 193°, [a]p + 156°(c, 1-90), + 157°(c, 1-54), 
> + 615° 
17-(8)-Methylandrost-4-en- ee aga (British Schering Ltd.), recrystallised from methanol, had 
m. p. 164°, [a]p + 85°(c, 1-73), + 84°(c, 1-16), [M]p + 257°. 
alloPregnane Derivatives.—Pregn-5-en-20-on-3(8)-yl acetate (British Schering Ltd.), recrystallised 
ihe acetone—methanol, had m. p. 147°, [a]p + 14°(c ¢: +65), + 13°(c, 2-37), + 14°(c, 2-28), + 14°(c, 1-61), 
p + 50°. 
——— (Ciba), recrystallised from methanol, had m. p. 187—190°, [a]p + 25°(c, 
2°3 ’ p+ 79° 
Pregn-5-en-20-on-3(B)-yl benzoate, from acetone-methanol, had m. p. 197°, [a]p + 40°(c, 
0-04). Cin + 168° (Found: C, 79-7; C,,H;,0, requires C, 80-0; H, 8-6%). 
Pregnan-20-on-3(8)-yl acetate was ale by catalytic hydrogenation o pregn-5-en-20-on- 
acetate under the same as those used for the preparation of -17-on-3()-y? 
acetate (see Part III). Recrystallised from acetone, it had m. p. 143-5—144-5°, [a]p + 77°(c, 1-90), 
+ pa 1-22), [M]p + 277°. 
pom . Fart recrystallised from methanol, had m. p. 194—195°, [a]p + 95°(c, 1-48), 
+ 96°(c, 1-28), [M]p + 
alloPregnan-20-on-3(8)-yl benzoate, recrystallised from acetone, had m.p. 197—198°, [a]p + 76°(c, 
0-98), + 76°(c, 0-74; micro-tube), [M]p + 319° (Found: C, 79-3; H, 8-6. C,,H,,0, requires C, 79-6; 
, 9-09 
Prcee tenes: 20-dione (progesterone) (British Schering Ltd.), llised from aqueous methanol, 
had bo allel » Lalp + 201°(c, 4-56), + 201°(c, 2-28), + 202°(c, 1-14), [M]p + 631°. 
gnane-3 : 20-dione was prepared by chromic acid oxidation of allopregnan-3(f) (B)-ol-20-one and 
ye by chromatography. Recrystallised from light petroleum (b. p. 40—60°)—benzene, it had m. p. 
aly + 121°(c, 2-12; micro-tube), [M]p + 382°. 
holestane and its Derivatives.—Cholest-5-ene, recrystallised from chloroform-acetone, had m. p. 92°, 
tay. — 55°(c, 2-32), — 56°(c, 1- on [M]p — 207°. 
Cholestane was prepared from cholest-5-ene by —— hydrogenation in ether—acetic acid solution 
using a platinum oxide catalyst. Recrystallised from chloroform—acetone, it had m. p. 80°, [a]p + 24°(c, 
2-96), + 25°(c, 1-48), [M]p +91°. 
Cholesterol [cholest-5-en-3(8)-ol], recrystallised from ethyl acetate, had m. p. 148-5°, [M]p — 154°. 
The following dependence of rotation on concentration was observed : 


© cccrceccccccccence 280 250 200 150 100 #80 6-0 4-0 3-0 20 1-0 
—39° —39° —39° -—39° -—39° -—39° -—39° -—40° -—40° —40°* —40°* 


Cholesteryl acetate, recrystallised from ethyl acetate, had, m. p. 114-5°, [M]p — 188°. The following 
dependence of rotation on concentration was observed : 


© sarcsocaseccsce 28:0 25:0 200 150 10-0 8-0 6-0 4-0 3-0 20 1-0 
—42° —42° -—42° -—42° -—43° -—43° -—43° -—44° -—44° -44°* -—44* 


Cholestan-3(8)-ol, recrystallised from ethyl acetate, had m. p. 142-5°, [M]p + 89°. The following 
dependence of ton on concentration was observed : - 


10-0 80 6-0 4-0 3-0 2-0 1-0 
+23° +23° +23° +23° +23° +23°* +24°* 


| 
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Cholestan-3(8)-yl acetate, recrystallised from ethyl acetate, had m. p. 110°, [M]p +60°. The 
following dependence of rotation on concentration was observed : 


REE 150 100 8-0 6-0 4-0 3-0 2-0 1-0 
+13° +13° +413° 413° +142 414° 414°* 414°8 


Cholesteryl benzoate, recrystallised from acetone—methanol or ether-alcohol, had m. p. 150°, [a]p 

— 16°(c, 9-19), — 15°(c, ‘4-60), — 16°(c, 2-30), — 14°*(c, 0-92), [M]p — 74°. 

Cholestan-3(8)-yl benzoate, recrystallised from acetone, had m. p. 135°, [a]p + 19°(c, 2-95), + 18°*(c, 
1-81), [M]p + 94°. 

Cholestan-6-on-3(8)-yl acetate was prepared without difficulty by following the directions of 
Mauthner and Suida (Monatsh, 1903, oA. 654). Recrystallised from alcohol, it had m. p. 129°, [a]p 
— 16°(c, 2-33), — 16°(c, 1-17), [M]p — 71°. 

Cholestan-3(f)-ol-6-one was prepared from the acetate by hydrolysis with several equiv. of potassium 
carbonate in 20% aqueous methanol at the boiling point 4 10 minutes; also from the acetate by acid 
hydrolysis using 3% aqueous concentrated hydrochloric acid in methanol solution at the boiling point for 
15 minutes. Recrystallised from aqueous methanol, it had m. p. 140°, [a]p — 6°(c, 1-69), — 6°(c, 1-35), 
— 6°(c, 0-98), [M]p — 24°. Preparations by both methods were identical. 

nen en te a recrystallised from ethyl acetate, had m. p. 173-5°, [a]p + 4°(c, 
4°(c, 1-66), (M]p + 2 

Cholest-5-en-7-on-3(8)-yl te, recrystallised from acetone, had m. p. 159°, [a]p — 

— 103°(c, 3-59), — 103°(c 1-80), — 103°(c, 1-22), [M]p — 455°. (We are indebted to Professor E. R. H 
Jones for a supply of the technical material.) 

Cholest-5-en-3(f)-ol-7-one was prepared by hydrolysis of the acetate, using the mild alkaline conditions 
prescribed by Bergstrom and Wintersteiner (J. Biol. Chem., 1941, 141, 597). Recrystallised from 
methanol, it had m. p. 170°, [a]p — 103°(c, 2-91), — 104°(c, 1- -46), (M]p — 416°. 

Cholest-5-en-7-on-3(8)-yl benzoate, recrystallised from acetone—methanol, had m. p. 159°, [a]p — 54° 
(c, 3-18), — 55°(c, 1-59), [M]p —277°. 

Cholestan-7-on-3(f)-yl acetate was prepared from cholest-5-en-7-on-3(8)-yl acetate by catal 
hydrogenation, using the procedure of Wintersteiner and Moore (J. Amer. Chem. Soc., 1943, 65, 1503). 
Asmall amount of cholestan-3(8)-yl acetate is always formed as a y-product during the hydrogenation. 
The cholestan-7-on-3-(f)-yl acetate was freed from this impurity by chromatography [16 fractions, the 
first two being cholestan-3(8)-yl acetate], or by conversion into the semicarbazone, m. p. 232° (decomp.), 
which furnished cholestan-3(8)-ol-7-one on acid hydrolysis with 4N-aqueous-alcoholic sulphuric acid on 
the water-bath (see below). The preparations by either method of purification wereidentical. Recrystal- 
lised from absolute alcohol, it had m. Pp. 149°, [a]p — 36°(c, 6-13), — 36°(c, 3-07), — 37° (c, 1-77), 
— 37°c, 1-53), — Pa 0- 89), [M]p — 163°. 

Cholestan-3(f)-ol-7-one, from acetone—methanol, had 168-5°, — 36°(c, 6-01), 
— 36°(c, 2-12), — 36°(c, 1-84), — 36°(c 1-50), — 36°(c, 1-06), [M]p — 144 

Cholestan-7-on-3(B)-yl benzoate, recrystallised from acetone, had m. Pp. 169-5°, [a]p — 17°(c, 3-06), 
— 18°(c, 1-60), — 18°(c, 1-22), [M]p — 86° (Found: C, 80-3; H,10-0. C,,H, 90, requires C, = A H, 9-8%). 

Cholest-4-en-3-one had [M]p + 357° (this value is taken from Barton and ones, 602). 

Cholest-5-en-3-one was prepared by the method of Butenandt and Schmidt-Thomé Bip 7086, 69, 882). 
Recrystallised from methanol, it had m. p. 126°, [a]p — 7°(c, 2-42; micro-tube), — 9°(c, 1- 03), [M]p — 30°. 

Cholestan-3-one was prepared from cholestan-3-(8)-ol by chromic acid oxidation and ed by 
chromatogra from acetone, it had m. p. 127—128°, [a]p + 42°(c, 1-93), + 42°(c,0- 97). 
+ 41° (c, 0- 99), + 162°. 

Cholestane-3 : 6-dione was genet from cholestan-3(8)-ol-6-one <4 chromic acid oxidation and 

urified by chromatography. Recrystallised from light petroleum (b. p. 60—80°), it had m. p. 172°, 
Pp + 4°(c, 2-59; micro-tube), + 4°(c, 0-69), [M]p + 16°. 

Cholestane-3 : 7-dione was prepared from cholestan-3(8)-ol-7-one by chromic acid oxidation and 
purified by chromatography. as gy from light petroleum (b. p. 60—-80°)—benzene, it had m. p. 
190°, [a]p — 19°(c, 1-84; micro-tube), — 19°(c, 0-91; micro-tube), [M]p» — 76°. 

3()-Chlorocholest-5-ene was prepared by the action of thionyl chloride on cholesterol. Recrystallised 
from ethyl acetate, it had m. p. 96°, [a]p — 30°(c, 1-25), [M]p — 122°. 

3(B) hlorocholestane was prepared by catalytic hydrogenation of 3(8)-chlorocholest-5-ene in acetic 
acid solution using a platinum oxide pate. hoy and purified according to the directions of Anderson and 
Nabenhauer (J. Amer. Chem. Soc., 1924, — ,, 1957). Recrystallised from chloroform—alcohol, it had m. p. 
114—118°, [a]p + 25°(c, 1-86), [M]p + 1 

Ergostane Derivatives.—Ergosterol a 7 : 22-trien-3(8)-ol], recrystallised from alcohol, had 
m. p. 159°, [a]p — 132°(c, 1-52), [M]p — 523°. 

~ recrystallised from chloroform-alcohol, had m. p. 175°, [a]p — 92°(c, 1-89), 

Ergosteryl benzoate, recrystallised from chloroform-alcohol, had m. p. 167—169°, [a]p — 69°(c, 2-09), 
— 69°(c, 2-00), — 68°(c, 2-00), [M]p — 345°. 

Ergost-7-en- 3(A)-yl acetate was sso from ergosteryl acetate by the method of Wieland and 
Benend (Annalen, 1943, 554, 1). Recrystallised from chloroform-alcohol, it had m. p. 157—159°, 

_ [aly — 4°(c, 1-90), [M]p — 18°. This value is in satisfactory agreement with ‘those recorded by Windaus 
and Langer (ibid., 1933, 508, 105) and by Reichel Aas physiol. Chem., 1934, 226, 146), but is markedly 
different from that, {a]p — 16°, reported recently by Wieland and Coutelle (Annalen, 1941, 548, 270). 
There is no doubt, however, about the correctness of the rotation recorded here. 

— -en-3(p)-ol, recrystallised from chloroform—methanol, had m. p. 148°, [a]p — 2°(c, 1-43), 


a naa benzoate, recrystallised from chloroform—methanol, had m. p. 180-5°, [a]p + 2°(c, 
+1 
t will be noted that the values now found for ergost-7-en-3(f)-ol are in good agreement with those 
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suggested for A’-unsaturated sterols as a result of literature analysis (Part I), whereas from rat oes 
workers there was a slight discrepancy. This is undoubtedly due to the relative difficulty of obtaining 
this compound and its derivatives in a state of purity. 

Ergost-8(14)-en-3(8)-yl acetate was from ergosteryl acetate 7 catalytic hydrogenation in 
ether—acetic acid solution using a latinum oxide catalyst. Recrystallised from acetone, it had m. p. 109°, 
[a]p + 0°(c, 4:26), + 1°(c, 2-13), i p + a 

ost-8(14)-en-3(B)-ol, m acetone—methanol, had m. p. 132°, [a]p + 11°(c, 4-01), 
+ 11°(c, 2-01), + 11°(c, 0-80), (M]p + “ 

Ergost-8(14)-en-3(8)-yl benzoate, recrystallised from acetone, had m. p. 116°. This m. p. is signifi- 
cantly lower than some of those given in the literature, but careful fractionation of two independent pre- 
parations proved their homogeneity. The rotation, however, was in complete oie st a values. 
previously recorded; [a]p — 1°(c, 4-42), + aa 2-21), — 1°(c, 2-54), + O0°*(c, 1-02), [M]p 

Ergost-14-en- 3(B)-yl benzoate was prepared by the method of Heilbron and Wilkinson Fr 1932, 1708). 

lised from acetone, it had m. p. 158°, [a]p + 22°(c, 5-49), + 22°(c, 2-75), + 23°(c, 1-37),. 
[M]p + 116°. 


Ergost-14-en-3(8)-ol, recrystallised from acetone—methanol, had m. p. 141°, [a]p + 22°(c, 5-05), 
+ 22°(c, 2-53), + 22°(c, 1-26), [M]p + 88°. 

Ergost-14-en-3(8)-yl acetate had [M]p + 58°. [The rotation given by Heilbron and Wilkinson ((oc. cit.). 
has been taken as correct. It is in good agreement with that for cholest-14-en-3(8)-yl acetate (see Part I).] 

Ergosta-8(9) : 14-dien-3(8)-yl acetate was — epared by oxidation of ergost-8(14)-en-3(8)-yl acetate: 
with selenium dioxide (Callow, J., 1936, 462). The ompeund was most conveniently purified by 
chromatography eluting with light oleum (b. p. 40—60°) (17 fractions, the first four being unchanged 
ergost-8(14)-en-3(8)-yl acetate). is procedure Sen removes most of the selenium-containing impurities. 
which are otherwise retained very tenaciously during crystallisation. Recrystallised from acetone— 
methanol, it had m. p. 135—136°, [a]p — 36°(c, 2-85), — 36°(c, 1-42), [M]p — 158°. 

Exposta- 8(9) : 14 -3(8)-ol , recrystallised from acetone— e—methanol, had m. p. 141°, [a]p — 19°(c, 1-47),. 

6°. 


—7 
Evgosta-8(9) : 14-dien-3(B)-yl benzoate, recrystallised from acetone—methanol, had m. p. 162°, [a]p — 3° 
(¢, 1-30), [M]p — 15° (Found: C, 83-8; H, 10-1. C,,H,,O, requires C, 83-6; H, 10-0%). 
Ergost-7-en-3-one was prepared by Oppenauer oxidation of ergost-7-en-3()-ol. Recrystallised from 
methanol, it had m. p. 159°, [a]p + 22°(c, 1-59; micro-tube), [M]p + 88° (Found: C, 83-9; H, 11-3. 
C,,H,,O requires C, 84-4; H, 11-5%). 


Ergost-8(14)-en-3-one was prepared by uer oxidation of ergost-8(14)-en-3(f)-ol. Recrystal- 
ih from chloroform—methanol, it had m. p. 130°, [a]p + 30°(c, 1-91; micro-tube), + 30°(c, 1-32), 

p + 119°. 

Ergost-14-en- -3-one was prepared by oxidation of ergost-14-en-3(8)-ol. Recrystallised. 
from chloroform—methanol, it had m. p. 14 °, [aly + 40°(c, 0-83), [M]p + 159°. 


Ergosta-8(9) : 14-dien-3-one was prepared oy Oppenauer oxidation of ergosta-8(9) : 14-dien-3(8)-ol. 
lised from ethyl acetate—methanol, it had m. p. 148°, [a]p — 1°(c, 2-18; micro-tube), [M]p — 4°. 
In these uer oxidations the field of pure ketone was about Prod but this could doubtless be- 
improved upon by working on a larger scale and to a less exacting stan of purity. 
Sti, ne Devivatives.—Stigmasta-5 : 22-dien-3(8)-yl ouele (Ciba) was recrystallised from ethyl 
acetate—acetone; it had m. p. 143°, [alp — 55°(c, 3-24), — 55°(c, 2-79), — 55°(c, 1-39), [M]p — 250°. 
Stigmasta-5 : 22-dien-3 -ol (stigmaster: ol), recrystallised from acetone, had m. p. 168°, [a]p — 51°(c,. 
3-56), — 51°(c, 2-63), — 51°(c, 1-78), — 51°(c, 1-31), (M]p —210°. 
-5 : 22-dien-3(8)-yl benzoate, recrystallised from ethyl acetate-methanol, had m. p. 164°,. 
(lp. — 26°(c, 2. eal) — 26°(c, 1-36), [M]p — 134°. 
: 22-dien-3(8)-yl a 22 : 23-dibromide was prepared by the method of Fernholz and 
Stavelt (J. ys woh Chem. Soc., 1939, 61, 2956). When following the pr ure of these workers it was not. 
possible to obtain the pure acetate in satisfactory yield by recrys tion, but shaking for a short time- 
in ether—acetic acid solution with a platinum oxide catalyst in an atmosphere of hydrogen destroyed the 
contaminating stigmasta-5 : 22-dien-3(8)-yl acetate 5 : 6 : 22 : 23-tetrabromide by reduction. R 
lisation from chloroform—methanol then furnished without difficulty the required acetate, m. p. 212° 
(no decomp.). Specimens not purified by hydrogenation melted lower and always with decom- 
ition. [a]p — 28°(c, 1-94), — 28°(c,. 1-59), — 28°(c, 0-87), [M]p — 172° (Found: Br, 26-1. Calc. for 
1H,,0,Br, : Br, 26-1 
“Stigmasta-5 : 22-dien-3(8)-ol 22 : 23-dibromide, recrystallised from chloroform-methanol, had m. p. 
208—209° (no decomp.), [a}p — 23°(c, 1-84), — 23°(c, 1-11), — 23°(c, 0-94), [M]p — 132°. 
Stigmasta-5 : 22-dien-3(B) 91 benzoate 22 : 23-dibromide, recrystallised from chloroform-alcohol, had 
c . 213° (no ta [aly — 6°(c, 2-39), [M]p — 41° (Found : C, 64-5; H, 7-7. C,,H,,0,Br, requires. 
0; H, 7-7 
Ta le 3-one was prepared by chromic acid oxidation of stigmasta-5 : 22-dien- 
3(8)-ol 5 : 6 : 22 : 23-tetrabromide in ether—acetic acid solution followed by zinc dust debromination in 
acetic acid solution on the water-bath, and was purified by chromatography. Recrystallised from. 
methanol, it had m. p. 126°, [a]y + 63°(c, 1-79), + 62°(c, 0-52), ip + 258°. 
Stigmasta-4 : 22-dien-3-one 22 : 23-dibromide was by uer oxidation of stigmasta- 
5: 22-dien-3(8)-ol 22 : 23-dibromide and purified by chromatography. lised from acetone, it had 
m. p. 186—187° (no decomp.), [a]p + 58°(c, 1-63; micro-tube), + 59°(c, 0-93; micro-tube), [M]p + 336°. 


We thank British-Schering Ltd., Manchester, and Ciba for gifts of chemicals. One of us (D. H. R. B.) 
is indebted to Messrs. Imperial Chemical Industries Ltd. for an I.C.I. Fellowship during the tenure of 
which part of this work was carried out. 
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159. The .Kinetics of Anionotropic Rearrangement. Part VII. The 
Simultaneous Rearrangement and Hydrolysis of Propenylethynyl- 
carbinyl Acetate. General Discussion of the Mechanism of Anionotropy 
and a Comparison of the Mobility of the Hydroxyl and the Acetoxyl 
Group. 


By Ernest A. BRAUDE. 


A detailed kinetic study has been made of the acid-catalysed rearrangement of propenyl- 
ethynylcarbinol (I) and its acetate (III) in aqueous dioxan—hydrochloric acid. The features of 
the reaction closely resemble those previously established (Parts I and II, J., 1944, 436,443) for 
the rearrangement of the carbinol in aqueous ethanol. Thus, (i) the rate of reaction is 

roportional to the concentration of carbinol or acetate, and of acid (at low acid concentrations) ; 
ti the rate constants decrease with increasing proportion (40 to 80% by vol.) of organic solvent ; 

iii) the energies of activation, when corrected for the temperature-dependence of the dielectric 
constant of the medium, are almost independent of the medium composition ; (iv) the entropy of 
activation is positive. Furthermore, both the rate constants and the energies of activation for 
the carbinol and its acetate are nearly the same (though not identical), and the mobility of the 
hydroxyl and acetate groups are thus very similar under the conditions studied. 

The acetate is hydrolysed simultaneously and at a rate comparable to that of its rearrange- 
ment. Nevertheless, the rearrangement and hydrolysis are independent reactions, hydrolysis 
being about four times as fast as rearrangement at 30° and about three quarters as fast at 95° 
(in 60% dioxan, 0-1m-HCl). The kinetic features of the hydrolysis are mainly the same as for 
rearrangement, but the energy of activation is lower by ca. 8 kg.-cals./mol. and the reaction 
constant A by a factor of ca. 10° than for the rearrangement, and the entropy of activation is 
negative. Also, solvent effects in this case are not temperature-independent and the isodielectric 
energies of activation are not independent of medium composition. In aqueous ethanol, both 
rearrangement and hydrolysis proceed at rates similar to those in aqueous dioxan, but liberation 
of the acetic acid is incomplete owing to the simultaneous hydrolysis and ethanolysis of the 
acetate. 

Existing evidence for the mechanism of the anionotropy of carbinols and esters is reviewed. 
It is shown that the present results are in accord with the rearrangement mechanism of the 
previously proposed (Parts I and II, locc. cit.) and subsequently elaborated (Parts III—VI, /., 
1946, 122, 128, 396; 1947, 1096). The first step is the fast reversible formation of the oxonium 
ion by transfer of a proton from the medium to the alkoxy-oxygen. This is followed by the 
rate-determining isomerisation, which involves the simultaneous detachment of an acetic acid 
molecule, migration of the electron pair, and reattachment of a water or acetic acid molecule at 
the y-carbon atom. The third step is the reversible loss of a proton. The hydrolysis similarly 
involves the fast reversible formation of the oxonium ion followed by a slow bimolecular reaction 
with a water molecule, most probably accompanied by acyl—oxygen fission. 


Some of the kinetic studies carried out in these laboratories on acid-catalysed rearrangements of 
the type shown below have been concerned with the effects of substituents in the three-carbon 
di skeleton and variations in the unsaturated group X (Parts III—VI, 
ays sha Sentinal locc. cit.). Another obvious extension of considerable interest is the 
A variation of the migrating group (A). The present communication 
deals with a comparison of the mobility of the hydroxyl and the acetate group, as exemplified 
by the rearrangement of propenylethynylcarbinol (I) and its acetate (ITI). 


(I.) —> (I1.) 
(III.) —»  (IV.) 


The question of the relative anionotropic mobility of different groups was considered by 
Burton and Ingold (J., 1928, 904) and Burton (J., 1928, 1650), who concluded that the mobility 
of a system RA increases in the order RCOH < R*OAc < CO,R’C,H,NO, < R°Hal, i.¢., with 
increasing anionic stability of A and with increasing strength of the acid HA, and that the 
rearrangements can occur spontaneously in solvents of high dielectric constant. However, no 
authentic case of the rearrangement of a carbinol or acetate in the absence of hydrogen ion 
appears to have been described. (This statement is meant to apply to true rearrangements, 
resulting in an isomeric molecule, not to rearrangements consequent upon replacement reactions 
where different factors are involved; cf. Hughes, Trans. Faraday Soc., 1941, 87, 627; Balfe and 
Kenyon, ibid., p. 721.) Propenylethynylcarbinol is not isomerised on standing with anhydrous 
acetic acid, and the plot of the rate constants in the presence of dilute aqueous acids against the 
acid concentration passes through the origin, indicating an immeasurably small ‘‘ spontaneous ” 
rate (Part I, Joc. cit.). Other extensive investigations described in the earlier parts of this series 
with a large number of carbinols, including some extremely readily isomerised in the presence 


[1948] Amnionotropic Rearrangement. Part VII. 795 


of dilute acid, have so far failed to reveal any examples of spontaneous oxotropic rearrangement. 
The conversion of certain arylpropenylcarbinols to the acetates of their rearranged isomers by 
prolonged treatment with boiling acetic anhydride (Burton and Ingold, Joc. cit.) is almost 
certainly due to the free acetic acid present and produced in the reaction, since phenylpropenyl- 
carbinol as well as its acetate are readily isomerised by dilute acetic acid (Part V, Joc cit., and 
unpublished work) and since the acetylation of the carbinol by pure acetic anhydride in the 
presence of pyridine proceeds without any isomerisation (Kenyon, Partridge, and Phillips, Joc. 
cit.).* A very slow homogeneous rearrangement of -methyl-a-ethylallyl to «-methyl-y- 
ethylallyl alcohol was originally claimed by Balfe and Kenyon (loc. cit.), but the evidence for 
this reaction is somewhat incomplete; it was stated later (Airs, Balfe, and Kenyon, J., 1942, 
18) that the change was accelerated by traces of acids and that the carbinol samples did in fact 
show an acid reaction when examined for rearrangement. Again, the acetates of propenyl- 
ethynylcarbinol (this paper), divinyl- and propenylvinyl-carbinol (unpublished work), and 
phenylpropenylcarbinol (Kenyon, Partridge, and Phillips, Joc. cit.) are all readily isomerised in 
the presence of dilute acid. The first two esters are recovered unchanged after prolonged 
treatment with boiling acetic anhydride. With the last two the isomerisation has been reported 
to take place slowly under these conditions (Kenyon, Partridge, and Phillips, Joc. cit.; Heilbron, 
Jones, McCombie, and Weedon, J., 1945, 88), but no special precautions were apparently taken 
to ensure the absence of free acid, and no change was observed on heating with benzonitrile which 
has a dielectric constant similar to that of acetic anhydride. 

The acid-catalysed rearrangement of propenylethynylcarbinol in aqueous alcohol under a 
wide variety of conditions has been extensively investigated (Parts I and II, locc. cit.). In view 
of the fact, however, that certain complications (see below) arise in the rearrangement of the 
acetate in aqueous-alcoholic solution, aqueous dioxan proved a more suitable solvent for the 
present work, and the kinetics of the rearrangement of the carbinol and of the acetate were 
determined in this medium. As previously, the reaction was followed by measuring the change 
in the intensity of the ultraviolet light absorption at 2230 a., where the rearranged isomers 
exhibit a maximum. Under the conditions examined, using mostly 0-1M-hydrochloric acid as 
catalyst, complete hydrolysis eventually occurred, which was followed by titration with dilute 
aqueous ammonia (see Experimental). The results may be briefly summarised as follows 
(Tables I—ITI). 

(i) The rate of rearrangement of the carbinol is directly proportional to its concentration (i.e., 
the reaction is of the first order with respect to the carbinol and the first order rate-constants, 
k, are independent of the carbinol concentration), almost directly proportional to the hydrochloric 
acid concentration (0°01—0-1m), and decreases with increasing dioxan concentration (40—80% 
by vol.) according to the relation log k = mD +n, where D is the dielectric constant of the 
dioxan—water mixture and m and m are constants; m is almost independent of temperature 
between 30° and 60°. The Arrhenius equation is accurately obeyed between 30° and 80°, and 
isodielectric energies of activation, i.e., Arrhenius parameters corrected for the temperature- 
dependence of the dielectric constant of the medium according to the method outlined in Part II 
(loc. cit.), are almost independent of solvent composition. 

(ii) The rearrangement of the acetate shows exactly the same kinetic features as that of the 
carbinol. The rates of rearrangement are almost, though not quite, the same for the two 
compounds, the rate constants for the acetate being slightly higher in 60%, and slightly lower in 
80% dioxan than for the carbinol. These small differences are real and are not to be ascribed 
to medium effects, the rate of rearrangement of the carbinol in the absence and the presence of 
an equimolar quantity of acetic acid being identical within experimentalerror. The value of m is 
somewhat larger (0°037) for the acetate than for the carbinol (0°026). The energies of activation 
and reaction constants A for the acetate and the carbinol are identical within experimental error. 

(iii) The hydrolysis of the acetate is of the first order with respect to the ester, the rate constants 
are somewhat less than directly proportional to the acid concentration, and decreased by 
increasing dioxan concentration as before. The solvent effects are similar to those reported by 
Harned and Ross (J. Amer. Chem. Soc., 1941, 68, 1993) for the hydrolysis of methyl acetate in 
aqueous dioxan. Unlike in the rearrangement, however, values of m are strongly temperature- 


* Burton (loc. cit.) also states that p-chlorophenylvinylcarbinol itself undergoes rearrangement, on 
the grounds that a mixture of the two isomers was apparently obtained from the condensation products 
of p-chlorophenylmagnesium iodide and dehyde. Since the decomposition of the Grignard complex 
was carried out under acid instead of neiftral conditions such a result would not be unexpected 


(cf. Braude, Jones, and Stern, J., 1947, 1087) and does not constitute any evidence for spontaneous 
Tearrangement. 
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dependent, increasing from 0-017 at 30° to 0-036 at 80°. Also, the value of E,p, (calculated by 
equation 8, Part II, oc. cit.) is higher for 60% than for 80% dioxan, about 8 k.-cals./mol. lower 
than for the rearrangement. The rates of rearrangement and hydrolysis are of the same order of 
magnitude but their ratio clearly depends on the conditions chosen, particularly the temperature. 
Hydrolysis is about four times as fast as rearrangement at 30°, about equally fast at 60°, and 
about three-quarters as fast at 95°. (An upper limit to the temperature-range of measurements 


I. 
Rearrangements of propenylethynylcarbinol and its acetate in aqueous 
dioxan—hydrochloric acid. 

Crow or ROAc = Carbinol or acetate concentration (g.-mol./l.); ¢, = hydrochloric acid concentration 
(g.-mol. ); ¢s = dioxan concentration (% v/v); kr, ku = first-order rate constants of rearrangement 
and h lysis, respectively. 

Conditions. Acetate. 

The effect of carbinol or acetate concentration. 
60-0° 0-05 60 0-1 24-5 27-2 33-4 
0-1 60 0-1 22-6 26-0 33-2 
0-2 60 0-1 24-0 26-6 34-6 
The effect of acid concentration. 
60-0 0-1 60 0-01 1-80 2-40 4-2 
0-1 60 0-05 11-6 13-1 18-5 
Ol 60 0-1 22-6 26-0 “2 
0-1 60 0-1 * 22-8 
The effect of solvent composition 
60-0 0-1 40 0-1 68 78 85 
0-1 60 0-1, 22-6 26-0 33-2 
0-1 80 0-1 11-0 9-1 14-4 
The effect of temperature. 
30-0 0-1 60 0-1 0-360 0-46 1-68 
0-1 80 0-1 0-150 0-136 0-95 
40-0 0-1 60 0-1 1-64 1-80 4-83 
0-1 80 0-1 0-73 0-62 2-40 
50-0 0-1 60 0-1 6-4 75 13-2 
0-1 80 0-1 3-1 2-56 5-8 
60-0 0-1 60 0-1 22-6 26-0 33-2 
0-1 80 0-1 11-0 9-1 14-4 
80-0 0-1 60 0-1 226 228 222 
0-1 80 0-1 143 110 90 
95-0 0-1 60 0-1 760 780 570 
0-1 80 0-1 460 290 220 
* In the presence of 0-1m-acetic acid. 
TaBLeE II. 
Variations of solvent effects with temperature. 
m = log — log kgo/(Deo — 
Temp. .......ssccersssescereeesssceenessceees 30° 40° 50° 60° 80° 
Carbinol rearrangement ............... 0-026 0-026 0-025 0-026 0-019 
Acetate rearrangement .................. 0-036 0-034 0-038 0-038 0-030 
Acetate hydrolysis 0-017 0-022 0-028 0-030 0-036 


TaBLe III. 
Arrhenius parameters, isodielectric — of —* and entropies of activation. 


6-4 


60% Dioxan 26-9 14-2 
Carbinol rearrangement { 80 Ys 28-6 15 0 20 + 19 0 
60 a 26-7 14- 9 “4 
Acetate rearrangement { 80 “ 28-2 sl 46 29-6 82 
” 19-8 “7 23- —14: 
Acetate hydrolysis 19-7. 93 20-6 ~16-0 
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is set, of course, by the boiling point of the solvent.) The inverted sequence of rates above 
ca. 80° is important in confirming the fact, already indicated by the simple first-order kinetics, 
that rearrangement of the acetate is not consequent upon its hydrolysis to the carbinol, but that 
the two reactions are kinetically independent of one another. 

(iv) The acetate is readily hydrolysed by 0-1m-potassium hydroxide without any rearrange- 
ment (see Experimental). 

The rearrangement and hydrolysis of the acetate in aqueous ethanol have also been studied 
(Table IV). With regard to the rearrangement, the results are exactly parallel with those obtained 
for aqueous dioxan. Just as with the carbinol, the rate constants are only slightly higher in 
the ethanolic media, thus once more exemplifying the fact that the rates of rearrangement are 
not directly governed by the dielectric constant of the solvent. With regard to the hydrolysis, 

‘it is found that only partial liberation of acetic acid occurs and that the extent of hydrolysis 
decreases with increasing ethanol content, but is practically independent of the concentrations 
ofacidandester. The equilibria reached correspond closely to those attained in the esterification 
of acetic acid under the same conditions (Table V) and must be due to either (i) initially complete 
hydrolysis of the acetate and subsequent re-esterification of the acetic acid by the solvent, or (ii) 
simultaneous hydrolysis and ethanolysis of the acetate. If all the acetic acid were liberated as 
such, it would be subsequently esterified by the ethanol in the solvent to the same extent and at 
the same rate as if it had been originally present. If, on the other hand, water and ethanol 
molecules attack the ester simultaneously, they will do so in much the same ratio as they react 
with ethyl acetate or acetic acid, and the same equilibria will occur again. 

A distinction between the two alternatives can be derived, however, from the fact that 
satisfactory first-order rate constants are obtained by applying the ordinary equation 
k = 2°3 x log[(*,, — %o)/(¥ — %9)]/t, where %,, is the titre at equilibrium, and that the rate 
constants thus calculated are very similar to those previously obtained in aqueous dioxan media 
where hydrolysis wascomplete. Ifthe formation of acetic acid and ethyl acetate is simultaneous, 
the reaction will exhibit first-order kinetics as expressed by the above equation, and the rate 
constant & will be the sum of the separate rate constants for hydrolysis and ethanolysis, i.e., 
k = Ryyarotysis + Puthanolysis: If, on the other hand, the formation of ethyl acetate were 


TaBLe IV. 


Rearrangement of propenylethynylcarbinyl acetate in aqueous ethanol—hydrochloric acid. 
Croac = acetate concentration; c, = acid concentration (both in g.-mol./l.); cg = ethanol concen- 
tration (% v/v); kz, kx = first-order rate constants for rearrangement and hydrolysis, respectively ; 
Ag = fraction hydrolysed; = Ax X An; = — temp. = 60-05 


throughout. 
CROAe- Cg. Ca. 104k. 10*kg. Aug. 10*Ryyarotyste- 10*2gthanolysis- 
The effect of acetate concentration. 
0-05 60 0-1 33° 101 0-41 41-5 59-5 
0-1 60 0-1 33 95 0-40 38 57 
0-2 60 0-1 31 91 0-39 35-5 55-5 
The effect of solvent composition. 
0-1 60 0-1 33 95 0-40 38 57 
0-1 80 0-1 14 59 0-25 15 44 
The effect of acid concentration. 
0-1 60 0-01 3-5 9-1 0-42 3-8 5:3 
0-1 60 0-05 16 51 0-41 21 30 
0-1 60 0-1 33 95 0-40 38 57 
TABLE V. 


The esterification of acetic acid in aqueous ethanol. 
Cacon, Ca = concentrations of acetic and hydrochloric acids (g.-mol./l.); cg = concentration of 


ethanol (% viv); Ag = fraction esterified; = X Ag; ku, = kh — Ragsteritcation 
temp. = 60-0° throughout. 
CacoH: Cg. Ca. 104k (min.“). Ag. Ruyarolysis- 
0-1 60 0-1 120 0-54 65 55 
0-1 60 0-12 130 0-62 80 50 
0-1 60 0-12 135 0-62 84 51 
0-1 80 0-1 160 0-74 118 42 


1 In the presence of 0-1m- ylethynylcarbinol. 
2 In the presence of 0-1-hex-3-en-5-yn-2-ol (II). 
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consecutive upon the liberation of acetic acid, the reaction would not, in general, exhibit 
first-order kinetics, and in any case the first step would have to proceed at a rate considerably 
greater than that of the second step to result in the measured overall rate of reaction. This 
would lead to a rate of hydrolysis unexpectedly large by comparison with the rate of hydrolysis 
of the ester in aqueous dioxan. The “‘ consecutive’ reaction scheme can thus be excluded, and 
hence hydrolysis and ethanolysis must occur simultaneously. The rate constants of partial 
hydrolysis (Table IV) are very similar to those previously determined for aqueous dioxan media 
where hydrolysis was complete, and are again practically independent of the acetate concen- 
tration, almost directly proportional to the acid concentration, and decreased by increasing 
ethanol concentration. The rates of ethanolysis are somewhat higher than those of hydrolysis. 

Finally, for purposes of comparison, a few measurements were made with the rearranged 
isomer of propenylethynylcarbiny] acetate, 2-acetoxyhex-3-en-5-yne (IV). As might be expected, 
hydrolysis proceeds without any de-rearrangement and is somewhat slower than for propenyl- 
ethynylcarbinyl acetate (Table VI). 

TABLE VI. 


Hydrolysis of 2-acetoxyhex-3-en-5-yne (IV). 


Concentration of acetate and hydrochloric acid 0-1m throughout; temp. = 60-0°. For meaning of 
symbols, see Table I. 


Solvent. 104ky(min.~). 
60% Dioxan 22- 
80 % 16- 


80% 


EXPERIMENTAL. 


Materials.—Propenylethynylcarbinol (I) (Heilbron, Jones, and Weedon, J., 1945, 81) had b. p. 
75°/30 mm., n}° 1-4645, e394. < 10. Its acetate (III), prepared from the carbinol (20 g.), acetic 
anhydride (22 g.), and pyridine (20 g.) at room temper- 
ature, treatment with water after 3 days, and isolation 
with ether, had b. p. 71°/18 mm., 2}0” 1-4476, eeas04. < 10 
(Jones and McCombie, J., 1942, 733, give b. p. 110°/100 
mm., 1-4463, < 1500). A 0-1m-solution of 
the acetate in initially 0-lm-potassium hydroxide in 
60% aqueous dioxan, after being t for 24 hours at 
30°, required < 0-1 ml. of 0-Olm-hydrochloric acid for 
neutralisation, and the solution showed « < 20 at 22304. 
2-Acetoxyhex-3-en-5-yne (IV) had b. p. 91—93°/55 mm., 
ni®° 1-4570 (Jones and McCombie, i 1943, 261, give 
b. p. 101—103°/70 mm., n}$*" 1-4576). 

Kinetic Measurements.—The rearrangements were 
followed by the hotometric technique pre- 
viously described (Parts I, III, and V, Jocc. cit.). 
Measurements at and above 80° were carried out in a 
thermostat containing light oil and controlled by the 
all-mercury thermoregulator shown in the figure, which 
is essentially a contact-thermometer of large and vari- 
able bulb capacity. This regulator is easier to fill, 
empty, and clean than the conventional toluene- 
mercury type, more constant when used over prolonged 
periods, especially at elevated temperatures, and avail- 
able over a much wider temperature range. 25 Ml. of 
reaction medium were used foreach run. 1-Ml. samples 
were withdrawn and diluted to 50 ml. with 90% ethanol 
containing 1 ml. of 0-1m-potassium hydroxide, and the 
light absorption intensity of the resulting solution 
determined at 2230 a. 

The hydrolyses of the acetate were followed 
titrating 1-ml. samples diluted with 20 ml. of water wi 
0-01M-aqueous ammonia, using neutral-red—methylene- 

sai blue (five drops of a 0-1% solution in 70% aqueous 

ethanol) as “ flash-indicator ”’ (cf. Skrabal and Riickerl, Monatsh., 1928, 50, 369) : the ammonia solution is 
run in continuously with constant shaking until the first colour change from blue to green is observed. The 
solution rapidly regains its blue colour on standing, partly owing to the rapid alkaline hydrolysis of un- 
changed acetate. With practice, end-points readings consistent to 0-05 ml. can nevertheless be obtained. 
In view of the simultaneous reactions occurring with the acetate, measurements were as far as possible 
made on the first third of the reactions. Except at the lower temperatures, however, the rates of 
rearrangements and hydrolyses do not differ appreciably, and no drift was observed in the first-order rate 
constants, which were reproducible to + 2%. Activation energies were computed graphically, the points 


( 
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} 


mor 1 SN 


[1948] . Anionotropic Rearrangement. Part VII. 799 


for 95°, which fell somewhat below the straight plot, being neglected. Isodielectric energies of activation 
were lated m Erp; = Ear. + 2-3RT,T,mb for the rearrangements and from hip; = k — 
[(¢ — 30) mb] for the hydrolyses (Part II, loc. cit.). The values of b used were 0-18 and 0-08 for 60% an 
80% dioxan, respectively (Part V, loc. cit.). The averaged values, 0-026 in the carbinol rearrangement 
and 0-036 in the acetate rearrangement, were used for m (cf. Table II). Values of A arr, were calculated 
from the equation log A arr, = 0-657 Ener, X — 1-78. 

Some typical runs are reproduced below : 


Rearrangements and hydrolyses in 0-1m-hydrochloric acid, 60% (v/v) aqueous dioxan. Carbinol or 
acetate concentration 0-1m; e = molecular extinction coefficient at 2230 a.; x = number of ml. of 
0-01M-NH,OH required to neutralise 1 ml. of reaction mixture. 


Carbinol. Acetate. 


Time Time 104k, 
in. ins.). (min.“). 


393 5 21-8 394 8,300 8 17-2 5 
466 8,650 23-4 485 9,200 “3 18-4 33-4 
4000 13,000 — 4000 13,000 —_ 20-0 —_ 
Mean 22-7 ¢ Mean 26-2 ¢ Mean 33-2 
Temp. 95-0°. 
0 0 — 0 0 — 10-0 — 
2 1,800 741 2-0 1,950 810 — — 
3 2,700 772 2-25 — — ll-l 563 
4 3,400 758 3-0 2,700 770 —. 
5 4,100 758 3-25 —_— — 11-7 573 
6 4,900 787 4-0 3,350 745 — ae 
60 13,000 — 4-25 12-2 578 
5-0 3,950 770 
6-0 4,700 785 
6-25 — — 12-9 548 
60 13,200 — 19-9 _— 
* Assumed Mean 780 Mean 570 


+ These values are slightly different from those given in Table I, which are averaged from several runs. 


ement and hydrolysis of propenylethynylcarbinyl acetate in 0-1m-HCl, 60% (v/v) aqueous 
ethanol at 60°. Acetate = (a) (b) 0-2m. * as in preceding ta ble. 


Time (mins.). €. (min.-). Time (mins.). (min.-*). 

(a) 0 0 10-0 
61 2,400 33-8 4l 11-3 95 
119 4,300 33-3 53 11-65 100 
217 6,650 33-1 85 12-2 95 
235 7,000 32-7 126 12-75 93 
405 9,450 32-1 162 13-1 92 
1440 13,000 370 13-9 
Mean 33 1440 14-0 _— 
Mean 95 
(b) 0 0 10-0 
62 2,300 31-3 57 13-1 89 
141 4,700 31-7 101 14-65 90 

217 6,350 30-8 146 15-85 95 . 
365 8,700 30-2 253 16-9 85 
468 9,800 29-8 370 17-5 ~ 
1580 13,000 520 17-8 
Mean 31 1580 17-8 — 
Mean 90 


Temp. 30-0°. 
0 0 — 0 0 — 10-0 _ 
1050 490 0-366 1065 620 0-46 11-65 1-68 
2400 1,120 0-374 2415 1,350 0-45 13-3 1-65 
3830 1,680 0-365 3855 2,050 0-44 14-6 1-65 
5270 2,200 0-352 5285 2,650 0-43 16-0 1-73 
6760 2,760 0-356 6775 3,160 0-41 16-85 1-70 
13,000 * 13,000 * 20-0 * . 
Mean 0-360 Extrapolated 0-46 Mean 1-68 
Temp. 60-0°. 
0 0 0 0 10-0 
L 
36 
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Reaction Products.—Propenylethynylcarbinyl acetate (4 g.) was mixed with 60% — 
0-1m-hydrochloric acid (50 ml.) at 60°. After 50 hours, the solution was neutralised to ol thaleis 
with Im-potassium hydroxide (Required: 34-0 ml. Calc. for complete hydrolysis : 34. 0 ml.), diluted 
to 120 ml., saturated with sodium chloride, and extracted four times with 20 ml. of ether. Repeated 
fractionation of a combined ether extracts yielded hex-3-en-5-yn-2-ol (II) (2-3 g. Calc. for complete 
hydrolysis: 2-8 g 79—80°/30 mm., 1-4770, = 13,000 [Jones and McCombie, /., 
1943, 261, 70°/18 mm., 1- “4791, = 13,500]. 


DISCUSSION. 


The Mechanism of Anionotropy.—The kinetic features of the rearrangement of the acetate of 
propenylethynylcarbinol are in all respects analogous to those encountered with the carbinol 
itself, and substitution of the acetoxyl for the hydroxyl as migrating group does not, therefore, 
appear to result in a change of mechanism. It will be opportune, at this stage, to summarise the 
main arguments leading to the mechanism proposed in the earlier parts of this series for 
propenylethynyl and a large number of other carbinols. The reaction exhibits specific 
hydrogen-ion catalysis and the rate is proportional to the concentration of carbinol and, at low 
acidities and constant solvent composition, of hydrogen ion; more generally, the rate is 
proportional to the concentration of carbinol and to the proton-donating properties of the 
medium as measured by the indicator ratio [BH*]/[B], where B is a neutral base such as the 
carbinol itself or an indicator, e.g., p-nitroaniline (Part II, Joc. cit., and Part VIII, in the press). 
Since its availability is essential to the reaction under the conditions now considered, a proton 
must combine with either the carbinol or a fission product of it, either before or during the 
rearrangement. There are two plausible types of mechanism : 


+ H*+ == R:-OH,* R”OH,* == R”OH + 
(i) (ii) (iii) 


ROH + Ht — Rt +H,O — + H,O — R“OH + Ht 
(i) (ii) (iii) 


In (I), (i) a proton is transferred from the solvent to the carbinol molecule to form the oxonium 
ion, (ii) the oxonium ion rearranges by detachment of a water molecule at one point of the carbon 
skeleton and attachment at another, with simultaneous redistribution of electrons in R, (iii) the 
rearranged oxonium ion loses a proton. In (II), the first step (i) is the fission of the carbinol 
molecule by reaction with a proton to form the positive carbonium ion (R*) and water, followed 
by (ii) the redistribution of electrons in the carbonium ion to R’* and (iii) recombination of R’* 
with a water molecule to give the rearranged carbinol and a proton. The essential difference 
between (I) and (II) is that the latter involves the free carbonium ion, whereas the former only 
involves the oxonium ion as intermediate. 

In the mechanisms (I) and (II), either or both steps (i) and (ii), if sufficiently slow, can 
determine the overall reaction rate, and it is thus necessary to consider to what extent other 
evidence is compatible with any or all of these steps proceeding at rates comparable to the 
overall rate of reaction. Considering mechanism (II) first, the first step (i) cannot be fast since 
it has been shown that when R:OH is optically active, racemisation proceeds at the same rate 
as rearrangement (Parts I and V, Jocc. cit.; Kenyon, Partridge, and Phillips, J., 1937, 207), and 
since the positive carbonium ion, if formed, would racemise instantaneously (Wallis and Adams, 
J. Amer. Chem. Soc., 1933, 55, 3838). In any case, step (ii) which represents merely the 
redistribution of electrons in the ion Rt, is bound to be very fast, and hence step (i) cannot be 
fast as well, if mechanism (II) were applicable. However, the remaining possibility of step (IT) 
(i) being slow can also be ruled out on two grounds. First, kinetic analysis shows (cf. Parts II 
and VIII, locc. cit.) that a slow reaction with a proton and the production of an unstable inter- 
mediate will lead to the measured rate constant being proportional to the stocheiometric acid 
concentration and not to the indicator ratio [BH*]/[B], as it actually is. Secondly, it is shown in 
the present work that the values of the kinetic parameters for the rearrangement of a carbinol 
and its acetate are nearly the same, and this is most unlikely if the electrophilic attack of a proton 
on the hydroxyl and acetate groups respectively were rate-determining, since the electron 
availability at the alkoxy-oxygen atom will be different in the two cases. 

In mechanism I, step (i) which represents a simple proton transfer is intrinsically likely to 
be fast (cf. Day and Ingold, Trans. Faraday Soc., 1941, 37, 686,705) and the slow reaction is in 
any case ruled out on the same grounds as a slow step (II) (i). On the other hand, step (I) (ii) is 
intrinsically likely to be slow, and the fast reaction is ruled out by the fact that racemisation and 
rearrangement proceed at the same rate. Moreover, mechanism (I), with a fast step (i) and a 
slow step (ii), accounts for the similarity in the values of the kinetics parameter for the carbinol 
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and its acetate (see below) and is therefore compatible with all the evidence so far cited. It is 
also compatible with other evidence not, however, excluded by mechanism (II), particularly the 
fact that the energies of activation are largely independent of the dielectric constant of the 
medium provided the necessary corrections be applied (Part IT, loc. cit.), as would be expected for 
a reaction involving no bi-ionic step. The rate constants are increased and the energies of 
activation decreased the more electron-donating or electron-repelling R (Parts III—VI, locc. 
cit.); this is to be expected since both steps in (I) require electron accession at the point of 
reaction, 

The rate-determining step (I) (ii) may now be considered in more detail. It can be formulated 
intra- or inter-molecularly ; in the former case (Ia) the water molecule detached from one carbon 
atom becomes reattached at the other, but in the latter case (Ib) a different water or another 
solvent molecule becomes attached : 


(Ia.) —> 


Of, 

Ib. 

Both modes of reaction have we chenived experimentally. Thus, the rearrangement proceeds 
in completely anhydrous dioxan (Part V, Joc. cit., and Part VIII, in the press) where it must be 
intramolecular, as well as in aqueous ethanol where it is at least partly intermolecular since the 
ethyl ethers of the rearranged carbinols are formed roughly in proportion to the molar fraction of 
ethanol in the medium and since etherification proceeds as a consequence of and at the same 
rate as rearrangement (Parts II and V, /Jocc. cit.; Heilbron, Jones, and Weedon, /J., 1945, 81). 
Whether the intra- or the inter-molecular reaction occurs will depend on the concentrations of 
carbinol and water (or alcohol) in the medium and on the relative probabilities of approach of 
the “‘ internal” and of an ‘‘external”’ water molecule to the carbon atom concerned. If the 
approach of an ‘‘ external’’ molecule were a prerequisite for the reaction, the rate would decrease 
with decreasing water concentration when the latter is sufficiently small, whereas in fact the rate 
increases with decreasing water concentration in that region (Parts II and IX, loc. cit.). The 
intra- and the inter-molecular reaction probably occur side by side under suitable conditions, and 
the change-over from one to the other will not be discernible by the kinetic criteria so far applied. 
Retention of optical activity, which can be used as a criterion for the intramolecular nature of 
uncatalysed rearrangements (Kenyon, Partridge, and Phillips, Joc cit.; Balfe and Kenyon, 
Trans. Faraday Soc., 1941, 37, 721), is inapplicable in the hydrogen-ion-catalysed reaction since 
the migrating positive charge will destroy any asymmetry produced by the orientated approach 
of the migrating water molecule on one side of the y-carbon atom. 

Earlier discussions of the mechanism of anionotropy (Burton and Ingold, /J., 1928, 904; 
Burton, J., 1928, 1650; 1929, 455; Kenyon, Partridge, and Phillips, Joc. cit.; Balfe and Kenyon, 
loc. cit.) have centred about two mechanisms, (III) and (IV), analogous to (I) and (II), but not 
involving hydrogen-ion : 


slow 
(III.) R-OH —> 


slow fast 
ROH => R* + OH” —> R’* + OH” = 


However, no authentic case of the rearrangement of a carbinol or acetate in the absence of 
hydrogen ion appears to have been observed (see above). There is no a priori reason why the 
uncatalysed rearrangements should not occur under suitable conditions when the carbon—oxygen 
link is sufficiently weakened by Py-unsaturation i in the alkyl group R, and mechanisms (III) and 
(IV) should be distinguishable by criteria similar to those now employed to distinguish between 
mechanisms (I) and (II). (In particular, in a reaction proceeding by mechanism (IV), not only 
the rate constants, but the energies of activation as well should be dependent on the dielectric 
constant of the medium; cf. Part II, loc. cit.| However, there is no definite evidence that such 
a reaction has ever been observed hitherto. It is clear that reactions by mechanism (ITI) or (IV) 
will take place very much less readily and have a much higher activation energy than by 
mechanism (I), since covalent or ionic fission of a bond is involved in the former, and only 
ion—-dipole fission in the latter (Part I, Joc. cit.), and that in the presence of hydrogen ion me 


' catalytic mechanism (I) will therefore always take control. In the presence of hydrogen ion, 


since the reaction A~ + H* —-> AH will be fast, the mechanism of aniontropy postulated by 
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Burton and Ingold (IV, p. 801) becomes identical with that represented by (II) for A = OH 
(p. 800). Such a mechanism is inapplicable in the examples of A = OH and A = OAc so far 
studied kinetically, and, contrary to its requirements, the mobility of the hydroxyl and the 
acetoxyl group are very similar. 

The Rearrangement of Propenylethynylcarbinyl Acetate-—Adopting a mechanism of type (I) 
for the rearrangement of propenylethynylcarbiny] acetate in dilute acid solution on the basis of 
the above discussion, this may be represented by 


fast slow fast 
RA + RAH*t —> R’AH*t R’A+ H* 


where A= OAc. The point of attachment of the proton is bound to be the alkoxy-oxygen 
by than the less basic carbonyl oxygen atom (cf. Day and Ingold, Tvans. Faraday Soc., 1941, 

37,686). The transition state will be represented by (A) or (B) depending on whether the reaction 
is intra- or inter-molecular : 


Me-CH=CH=CH-C=CH7}+ Me-CH=CH=CH-C=CH-+ 


(A) ou (4 
oF Me o7 \Me 


(A’), in which the initially acyl instead of the alkoxy-oxygen atom becomes attached to the 
y-carbon atom and which involves the transitory formation of a six- instead of a four-membered 
ring (cf. Kenyon, Partridge, and Phillips, Joc. cit.), is a possible alternative to (A). Since the 
speed of rearrangement exceeds that of hydrolysis at temperatures above 80°, the intramolecular 
reaction must then take place to some extent, even though the rearranged acetate is also 
subsequently hydrolysed. As with the carbinol (see above), both modes of reaction probably 
take place side by side under suitable conditions. 

The relative values of the kinetic parameters for the rearrangements of the acetate and its 
parent carbinol must next be considered. The measured steps of mechanism (I) are of the 


hy hy 
general type A => B——> C, where h’s represent first-order constants. For such a system, 


when k_, > fy, k, as postulated in the present case, the overall rate constant (k) is given by 
k = Kk,, where K = k,/k_,. Since the overall rate constants are nearly the same for A = OH 
and A = OAc in the present case, either (a) the separate values of the K’s and k,’s must be 
nearly the same or (b) the separate values of the K’s and k,’s must be different but such that 
their products are the same. The first alternative means that the proton affinities (which the 
K’s express) of the carbinol and acetate are the same. This is most unlikely on ‘structural 
grounds alone, since in the acetate group the electron availability on the alkoxy-oxygen atom 
will be more strongly reduced by the adjacent carbonyl group than increased by the methyl] 
group, and there is experimental evidence that the acetoxy] is less basic than the hydroxyl group 
(cf. Heston and Hall, J. Amer. Chem. Soc., 1934, 56, 1462). Hence, the second alternative (b) 
must apply, and in order that the products Kk, be nearly the same for A = OH and A = OAc, 
the k,’s must be in the inverse order to the K’s, i.e., k, must be smaller for A = OH than for 
A =OdAc. This is a very plausible result: since the separation of the positive carbonium ion 
and the water or acetic acid molecule will be conditioned by the same factors, but in the inverse 
ratio, as the attraction of a proton considered above, k, would indeed be expected to be greater 
for the acetate which has the lower electron-density at the alkoxy-oxygen. The almost identical 
values of the isodielectric energies of activation and A factors for the carbinol and acetate will 
similarly arise through the operation of these opposite effects, both E and A separately involving 
terms related to both K andk,. The rather larger solvent effects observed with the acetate as 
compared with the carbinol must be ascribed to primary solvent effects (cf. Part II, loc. cit.), the 
change in solvent composition from 60 to 80% aqueous dioxan resulting in larger solvation 
differences with the more highly solvated acetate than with the hydroxyl group. 

The Hydrolysis of the Acetate-—The likely modes of acid hydrolysis of carboxylic esters have 
been clearly summarised by Day and Ingold (loc. cit.), who distinguish alkyl-oxygen and acyl- 
oxygen fission, each proceeding by either a uni- or a bi-molecular mechanism. In either case, the 
first step is the formation of the oxonium ion now postulated as intermediate in anionotropy, by 
fast reversible transfer of a proton from the medium to the alkoxy-oxygen of the ester. The 
second step is either the slow fission of the ion followed by a fast reaction with a water molecule, 


a 
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or else a slow reaction between the oxonium ion and a water molecule. The ‘‘ normal ”’ mode of 
acid hydrolysis is known to be bimolecular acyl-oxygen fission. 

The only mode of hydrolysis rigidly excluded in the present case is unimolecular alkyl-oxygen 
fission, since it would involve the liberation of the free positive carbonium ion (cf. Ingold and 
Ingold, J., 1932, 758). Rearrangement of the ion is likely to be very fast, and hence unimolecular 
alkyl-oxygen fission would require rearrangement to be consequent upon hydrolysis, whereas 
rearrangement is in fact kinetically independent of, and slower than, the latter below 60° under 
the conditions examined. Alkaline hydrolysis similarly does not result in any rearrangement. 

The values of the kinetic parameters for hydrolysis as compared with those for rearrangement 
indicate a bimolecular mechanism for the former. The probability of the appropriate*collision 
between the oxonium ion and a water molecule will be lower than that of the less restricted 
collisional or internal activation of the oxonium ion necessary for rearrangement, hence the 
non-exponential factor Arr, (defined by k = A,,,e~24r/RT) is lower in the former case. 
Expressed in terms of the transition state, the entropy of activation (defined by the equation 
k = RT/Nh x e~42JRTeAS/R) jis positive for the rearrangement and negative for the 
hydrolysis, as expected for a uni- and a bi-molecular reaction of this type, respectively (cf. 
Glasstone, Laidler, and Eyring, ‘‘ The Theory of Rate Processes,” McGraw-Hill, 1941). Further- 
more, in the hydrolysis, unlike in the rearrangement, the solvent effects are strongly 
temperature-dependent, and the isodielectric energies of activation are not independent of 
medium composition. This shows that a change in the water content of the medium does not 
affect the hydrolysis reaction through the change in dielectric constant and proton-availability 
alone and again indicates the participation of water molecules in the rate-determining step. 

Since alkyl—oxygen fission is involved in the ready anionotropic rearrangement of the acetate 
proceeding under conditions identical with those in the hydrolysis, it might be thought that the 
later reaction depends on the same mode of fission and that the mechanism involved is bimolecular 
alkyl-oxygen fission. Structural considerations, however, render such a conclusion unlikely. 
Alkyl-oxygen fission requires electron-release at the alkyl-oxygen link (Day and Ingold, Joc. cit.). 
It has been shown to occur in the hydrolysis of the phthalates and benzoates of certain alkenyl- 
carbinols where the reaction is accompanied by racemisation or inversion at the alkoxy-carbon 
atom (Balfe, Kenyon, ef al., J., 1942, 556, 605; 1946, 797, 803, 807). Optical activity is not 
readily applicable as a criterion of hydrolytic mechanism in the present case, since the 
simultaneously occurring rearrangement is itself accompanied by racemisation (Part I, Joc. cit.). 
The derivatives with least electron-release found to give rise to hydrolysis with alkyl-oxygen 
fission are those of methylpropenylcarbinol («y-dimethylallyl alcohol). In propenylethyny]l- 
carbinol, the somewhat electron-repelling methyl group is replaced by an ethynyl group, which 
is strongly electron-attracting (cf. Part IV, loc. cit.). The total electron-availability at the 
alkoxy-carbon atom will therefore be very much smaller than that due to the propenyl group 
alone, in fact not appreciably greater and possibly smaller than in a saturated secondary carbinol, 
and therefore probably too small to result in alkyl-oxygen fission in the hydrolysis of the acetate. 
Hence bimolecular acyl-oxygen fission, the ‘‘ normal ” mode of acid hydrolysis, is most probably 
involved. 

Confirmatory evidence for this conclusion is provided by the fact that in aqueous 
ethanol the hydrolysis and ethanolysis of the ester occur simultaneously. The substance of the 
argument may be stated as follows. If the ester (in the form of its oxonium ion) is attacked by 
water molecules only, then the products of hydrolysis resulting from either alkyl-oxygen or 
acyl-oxygen fission will be the carbinol and acetic acid. If, however, the attack is by water and 
ethanol molecules simultaneously, then, since the only likely mode of reaction of the ethanol 
molecule under these conditions is ethoxy—hydrogen fission (as shown below), alkyl-oxygen 
fission in the ester will give the ethyl ether of the carbinol and acetic acid, whereas acyl-oxygen 
fission in the ester will give the carbinol and ethyl acetate as products of A aaa tml 


Alkyl-oxygen fission * Ri-O-Ac + Et-O-H —> R°OEt + AcOH R-OEt + Ac*OEt 
Acyl-oxygen fission * R-O-fAc —> R:-OH + Ac*OEt 


In the former case, or if the attack is by water molecules only, the acetic acid liberated will be 

subsequently esterified by the ethanol in the solvent. In the latter case, ethyl acetate will be. 
formed simultaneously with any acetic acid produced by hydrolysis. Since it has been shown > 
that the formation of ethyl acetate takes place simultaneously with, and not subsequently to, 


* For the sake of clarity, the schemes have been written for the neutral ester molecule instead of the 
oxonium ion R-OHAc* which is the reacting entity. 
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hydrolysis, this constitutes conclusive evidence for acyl-oxygen fission in the ester during 
ethanolysis.* Since ethanolysis and hydrolysis are likely to involve the same mode of fission 
(the difference in basicity between the water and ethanol molecules being comparatively small) it 
also constitutes strong evidence for acyl-oxygen fission during hydrolysis. The rearrangement 
and hydrolysis of propenylethynylcarbinyl acetate thus provide an interesting example of two 
simultaneous reactions proceeding under identical conditions via the same intermediate (the 
oxonium ion), yet involving different subsequent bond fissions. 

The author wishes to thank Professor Sir Ian Heilbron, D.S.O., F.R.S., for his interest, Professor 


E. R. H. Jones for helpful criticism, Dr. B. C. L. Weedon for the eas ream meg ee Mrs. I. Boston 
for assistance with the spectrometric work, and the Rockefeller Foundation for financial assistance. 
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160. The Action of Methanol on Naphthalene in the Presence of Catalysts 
of the Alumina-Silica Type. Formation of 2-Methylnaphthalene. 
By N. M. CuLtinane and S. J. CHarp. 


A new method has been devised for the preparation in satisfactory yield of 2-methyl- 

e by causing methanol and naphthalene to react in contact with aluminosilicate 

catalysts in the vapour phase. The l-methyl isomer does not appear to be present among the 
roducts. In fact, when this compound is passed over the catalyst it is converted into 
-methylnaphthalene, smaller quantities of naphthalene and dimethylnaphthalenes being also 


produced. 
Tuis work was undertaken in order to ascertain if methanol and naphthalene could be induced 
to react in the vapour phase in contact with certain catalysts to yield 2-methylnaphthalene, 
which is the initial material for the synthesis of the anti-hemorrhagic vitamin K, and of which 
the oxidation product, 2-methyl-1 : 4-naphthaquinone, likewise possesses considerable activity ; 
the hydrocarbon. itself is also reported to be slightly active (Tishler, Fieser, and Sampson, 
J. Amer. Chem. Soc., 1940, 62, 1881). 

The catalysts employed included activated alumina and aluminosilicates. In addition to 
recovered naphthalene, 2-methylnaphthalene was obtained together with smaller quantities of 
dimethylnaphthalenes. 

The silicates were found to be much more effective catalysts than alumina, contrary to what 
had been previously observed in the reaction between methanol and phenol (Cullinane and 
Chard, J., 1945, 821). Langside stone, British Guiana bauxite, and Indian bauxite were also 
much less efficient. 

Some methylation of the benzene used to effect solution of the reactants was also noted, but 
this was not further studied as it has already been investigated elsewhere (Given and Hammick, 
J., 1947, 928). 

The catalysts were found to lose their activity rapidly, but their effectiveness was readily 
restored by passing < current of oxygen or air over them at a suitable temperature. 

Substitution in the naphthalene molecule appears to occur initially at the 1-position, this 
tendency in alkylation being noted by Roux (Amn. Chim. Phys., 1887, 12, 289), Tzukervanik and 
Terentieva (J. Gen. Chem. Russia, 1937, 7, 637), and Mayer and Schiffner (Ber., 1934, 67, 67). 
However, under the conditions described in the present work no 1-substitution product was 
isolated. 

When 1-methylnaphthalene was passed over the alumina-silica catalyst at 450°, the initial 
material was comipletely transformed, yielding 2-methylnaphthalene as main product, some 
naphthalene with small amounts of dimethylnaphthalenes being also formed.f 


* It might be suggested that ethanolysis involves the attack of the neutral ester molecule by an 
ethoxonium ion, with acyl—oxygen fission in the former and alkyl—oxygen fission in the latter : 


R — O —|Ac + Et] — OH,t —> ROEt + AcOH,* 


Since the concentration of ethoxonium ions EtOH,* is very much smaller than that of hydroxonium ions 
H,O* under the conditions chosen (Part II, /oc. cit.), the amount of ethanolysis as compared with that of 
hydrolysis would then be very small. In any case, this mechanism is eliminated since it would also 
involve subsequent re-esterification of the acetic acid by the solvent, whereas, as was shown earlier, 
hydrolysis and ethanolysis occur simultaneously. 

+ Adiscussion of the theoretical problems involved in these reactions is being published elsewhere. 
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EXPERIMENTAL, 


A considerable number of experiments were carried out at varying temperatures and with different 

ions of the reactants. Below 350° the amount of methylation was very small; also much better 

yields of 2-methylnaphthalene were obtained with the silicates than with type C alumina. In all casesa 

preliminary run-through was performed when fresh catalysts were employed, the products being 

discarded. Much ammonia was evolved, especially with the silicates, the were not 
examined until the evolution of the gas had ceased. Some typical experiments are described below. 

All the catalysts were supplied by Messrs. Peter Spence and Sons, Ltd., and were of 4/8-inch mesh. 

The apparatus was similar to that already described (Cullinane and Chard, Joc. cit.), except that the 
mixture was ee directly on the catalyst through an ordinary ‘“‘ Pyrex” glass tube; there was thus 
less tendency to clogging. The recovered benzene and naphthalene were used again in later ments. 

Reaction with Alumina-Silica (1 : 2).—Naphthalene (100 g.) and methanol (commercial 98%; 77 g.; 
3 mols.), dissolved in benzene (200 c.c.), were dropped at a uniform rate on the catalyst (about 300 g.) 
at 450° during 6} hours. The products consisted of an aqueous (49 g.) and a benzene layer (248 g.), which 
were separated and the latter pte distilled, yielding benzene (103 g.) and its homologues (b. p. 
103—136°; 24 g.). The rest of the product was cooled to 30—40° and the resulting oily solid well 
pressed on a filter and washed with the recovered benzene (50 c.c.), the residue (32 g.) being com 
almost entirely of naphthalene. After removal of benzene from the filtrate, the remaining oil was 
fractionally distilled with a column (Cullinane and Chard, Joc. = ielding (a) naphthalene (28 g.), 
b. p. 218°, picrate, m. p. 151°; (b) 2-methylnaphthalene (24-5 g.; 5 of yield, based on the naphthalene 
consumed), b. p. 241°, m. p. 34°, picrate, orange needles, m. p. 115°, compound with s-trinitrobenzene, 
bright yellow needles, m. p. 123° (the identity of these compounds was confirmed by admixture with 
authentic specimens) ; (c) dimethylnaphthalenes (10-5 

.), b. , 256—265°, which were not further separated y 
ivan : M, 152. Calc. for M, 156); (@)a 80 
brownish residue, b. > > 265° (3 g.), of higher 
methylated products. No l- ylnaphthalene was 
isolated. 70° 
Similar results were obtained with alumina-sili 
(1:4), but much smaller yields were obtained ( 
more naphthalene recovered) when the catalysts used 
were C) Langside stone, (b) British Guiana bauxite, 
and (c) Indian bauxite. 

Action of Alumina-Silica (1: 2) on 1-Methylnaph- 
thalene.—This compound was obtained from Messrs. 
Powell Duffryn, Ltd., and redistilled ; it had b. p. 245°, 
picrate, lemon-yellow needles, m. p. 140°, compound 
with s-trinitrobenzene, bright yellow needles, m. p. 
152-5° (Found: N, 11-8. Calc. for C,,H,,0,N,;: N, 40° 
11-8%. Analysis by Drs. Weiler and Strauss, Oxford). 
Triandaf (Aun. Sci. Univ. Jassy, 1940, 26, 155) gives 
m.p. 147°. 1-Methylnaphthalene (40 g.) was _——— 
on the catalyst (about 300 g.) at 450° duri 00 
minutes. It was noticed that some solid mined with 
liquid formed in the condenser. The product (31 g.) 
was fractionally distilled in the jad way ye | 
naphthalene (7 g.), 2-meth inaphthalene (18 g.), an Naphthalene20 40 60 80 100 
(3 identified as 2-Methyl ~ 80 60 40 20 0 

escribed. 

Gaseous products. A sample of the gases formed in the above experiment was found to contain in 
addition to nitrogen : methane (with some ethane) 31-5%, hydrogen 9-1%, oxygen 7-6%, carbon dioxide 
30%, carbon monoxide 2-4%, ethylene 2-0%. 

Reactivation of the Catalysts.—After being in use in 3 or 4 operations, the alumina-silicas were found 
to have lost much of their activity, with considerable deposition of carbon. Their effectiveness was 
restored by passing a fairly rapid current of oxygen or air over them at 450° for 12 hours, by which time 
nearly all the carbon had been removed. For instance, the alumina-silica (1: 2) catalyst treated in this way 
furnished, from the same weights of materials as above, 2-methylnaphthalene [29 g. ; 48% yield calculated 
on the naphthalene consumed (64 g.)], dimethylnaphthalene (11 g.), and higher homologues (ca. 2 g.). 


Temperature. 
8 


It was observed that mixtures of (a) the picrates and (b) the s-trinitrobenzene additive compounds 
naphthalene and pao ses gees ge all melted at intermediate temperatures between the m. p.s of 
the pure molecular co unds, and similar results were obtained with mixtures of the s-trinitrobenzene 
addition compounds of 1- and 2-methylnaphthalene. 

System Naphthalene-2-Methylnaphthalene.—A temperature-concentration diagram for mixtures of 
these substances was plotted, thaw points (T,) and melting temperatures (T,) being determimed (compare 
Cullinane and Plummer, J., 1938, 63). The results are shown graphically in the figure, and the complete 
data are tabulated below : 


Naphthalene, mols.% ... 0 8-52 11-49 16-02 19-98 26-78 33-65 63-16 90-2 95-54 100 
Tg 33-0° 26-8° 27-0° 27-0° 26-8° 26-5° 26-8° 27-0° 270° 81-0° 
Tg seccoccsocccceseccecsneaheian 34-0° 31-6° 30-6° 30-1° 28-4° 29-0° 37-9° 60-0° 74-8° 78-2° 80-0° 


The curve exhibits a eutectic at 27°, ca to about 25 mols. % of naphthalene. 
The authors are greatly indebted to . Peter Spence and Sons, Ltd., for the loan of apparatus 
and for the gift of chemicals, and to Dr. J. Chatt for his continued interest. 


UnNIversity CARDIFF. [Received, May 22nd, 1947.) 
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161. Experiments in the Piperidine Series. Part IV. 
By R. M. ANKER and A. H. Cook, 


Unsuccessful attempts to obtain “ angular’ arylpiperidine derivatives such as (III) are 
described. A — tertiary bases from ethyl and 
«-amino-a-phenylhexoate were prepared as possibly possessing gesic properties ey may 
be related to the analgesic pipelidine derivative pethidine (V). 


In an earlier paper (J., 1946, 59) attempts to devise structures containing an aryl grouping 
maintained at an angle with respect to a piperidine ring were described. Such structures were 
desired because of their spatial resemblance to that of morphine, so that they might have had 
analgesic properties. In the first part of the present work this possibility was — in an 
attempt to build up the “‘ angular ” aryl grouping in the following manner : 


NH. —> NM 
+ methylation Me,*CH, H 
(I.) 


Me Me 


CMe,CH = 
Me,CH,“ ‘\O—C 


(III.) 


H, 
Ph H,—CH | Ph. H,—CH 
CO,E H,—CH, CO,Et” \Me M 
(V.) (VI.) 


Triacetonamine was selected for study as it was more readily available than simpler piperidones, 
and the feasibility of the earlier stages was first investigated in the carbocyclic series. Here 
methyl 2-(1’-hydroxycyclohexyl)propiolate (Jones and Whiting, J., in the press) underwent the 
Diels—Alder reaction with 2 :,3-dimethylbutadiene to give 5 : 6-dimethyl-3-spirocyclohexyldi- 
hydrophthalide (IV). Triacetonamine and sodium acetylide afforded 4-hydroxy-2 : 2 : 6-tetra- 
methyl-4-ethynylpiperidine which on methylation gave 4-hydroxy-1: 2:2: 6: 6-pentamethyl-4- 
ethynylpiperidine (I); the latter was characterised as the corresponding acetoxy-compound 
which formed a /erchlorate so confirming the presence of a N-Me grouping in the 
acetyl-pentamethyl compound. However, attempts to convert (I) into the ester (II) resulted 
in a low yield of an oil which was analytically unsatisfactory and which on heating with butadiene 
only reverted to a low boiling base, so that this synthesis was abandoned. 

These experiements were originally suggested by comparing the structures of morphine and 
pethidine (V), but it was also thought possible that the analgesic properties of these compounds 
might be exhibited by ‘‘ open-chain ”’ analogues of (V), ¢.g., by (VI) among others, and 
accordingly the preparation of some simpler compounds of this general type was undertaken. 
For preparative convenience the present study was restricted to aminoalkylphenylacetic esters 
having suitable substituents on the basic grouping. Since this work was initiated the analgesic 
properties of (VI) have been mentioned by Macdonald et al. (Brit. J. Pharmacol., 1946, 1, 4) 
though the compound itself has not so far been described. 

Benzyl cyanide could be condensed with 1-methyl-4-piperidone or with 5-diethylamino- 
pentan-2-one to a 1-methy]-4-(cyanophenylmethylene)piperidine (VII) (analysed as hydro- 


H,—CH 
II. 


H, 


chloride) or 1-cyano-1-phenyl-2-methyl-2-3'-diethylaminopropylethylene ‘alin respectively, but 
these could not be converted into the corresponding esters by alcoholysis satisfactorily and were 
therefore not further examined. Methyleneamipoacetonitrile reacted with sodiobenzyl cyanide 


(6 
w 
le 
fr 
H 
as 
(p 
st 
w 
tej 
C, 
us 


Me:CM. 
CH. ‘Sou, ‘ 
CMe,°CH 
— NM 
Me,*CH, fe) 
CMe:CMe 
CH. 
Cc 
H,°CH, re) 
(IV.) 
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to give what may be presumed to be the sodio-compound (IX) but attempts to isolate any 
related keto-nitrile were unsuccessful. Other attempts to utilise keto-nitriles, ¢.g., by reaction 
of sodiobenzyl cyanide with crotony] chloride, were also unpromising. 

Efforts to condense, sodiobenzyl cyanide with ethylene chloro(or bromo)hydrin (cf. Knowles 
and Cloke, J. Amer. Chem. Soc., 1032, 54, 2028) in the desired manner were unavailing. 
1-Bromo-3-phthalimidopropane did not react with sodiobenzyl cyanide in the anticipated 
manner, and a similar reaction with epichlorohydrin gave rise only to tarry products. In 
liquid ammonia sodiobenzyl cyanide gave with ethylene oxide the required hydroxyethylbenzy) 
cyanide but in a yield of only 20%; much of the benzyl cyanide was converted into 2-imino-3- 
phenyl-3-2'-hydroxyethyltetrahydrofuran (X) which formed the sole product when 2 molecular 
proportions of ethylene oxide were used. This compound was readily hydrolysed to the 
corresponding lactone, which was converted into the bromoethyl-lactone and thence into the 
piperidino-compound as described by Bergel et al. (J., 1944, 267), and into the dimethylamino- 
compound (XI), characterised as its hydrochloride. [A number of homologues of (XI) have been 


H,—CH, 

XI. XII. 

(x1) (KIT) 
prepared by Walton and Green (j., 1945, 315).] It was hoped to effect the gem-dimethylation 
of the above dimethylaminoethyl-lactone but only an unidentified product, C,,H,,ONCI,, was 
obtained by the action of methylmagnesium iodide followed by hydrogen chloride. 

Ultimately the required compounds were obtained by condensing sodiobenzyl cyanide with 
di-2-chloroethylformal (cf. Bergel e¢ al., J., 1944, 265) (XII, » = 2),' whereby di-3-cyano-3- 
phenylpropylformal (XIII; m = 2) was satisfactorily obtained; this was hydrolysed to 
2-hydroxyethylbenzyl cyanide (XIV, m = 2) and thence converted into 2-chloroethylbenzyl 
cyanide (XV, m = 2). Reaction of the last compound with the appropriate bases gave 
2-dimethylamino- (XVI, ” = 2), 2-piperidino-, and 2-morpholino-ethylbenzyl cyanide; the first 
base was described in another connection while this work was in progress (Kwarther and Lucas, 
J. Amer. Chem. Soc., 1946, 68, 2395). Ethyl y-dimethylamino- (XVII, n = 2), y-piperidino-, 


CN-CHPh-(CH,],"OH 
(XIII) (XIV.) (XV.) 
(XVI.) CN-CHPh-(CH,],"NMe, (XVII) 


and y-morpholino-a-phenylbutyrate (the last two characterised as hydrochlorides) were obtained 
by edaiiie of the nitriles. By similar methods tetramethylene chlorohydrin was converted 
into di-4-chlorobutylformal (XII, n = 4) and thence into di-5-cyano-5-phenylamylformal (XIII, 

= 4) and 4-hydroxybutylbenzyl cyanide (XIV, m = 4) (characterised as its a-naphthylurethane), 
4-chlorobutylbenzyl cyanide (KV, n = 4), 4-dimethylamino- (XVI, n = 4), 4-methylamino-, and 
4-morpholino-benzyl cyanide, and finally into ethyl ¢-dimethylamino- (XVII, n = 4), and 
e-morpholino-a-phenylhexoate. 

The effectiveness of most of the above nitriles and esters, of types (XVI) and (XVII) 
respectively, as analgesics was examined in the biological laboratories of I.C.I. Ltd. (Dyestuffs 
Division). They usually had only a low degree of activity but that of the morpholino-esters 
was higher, being about one-third of that of pethidine. This seems to be the first indication of 
the possible superiority of morpholine derivatives in this connection as analgesics, and further 
implications of this finding are being examined. 


EXPERIMENTAL. 
Methyl] 2-(1’-hydroxy: hexyl)propiolate (3-5 g.), 2: 3-dimethylbutadiene (3 and 


was recovered by distillation at 120°/0-05 Lys and the adduct sublimed at a higher 
leaving a residue of rubber-like material. 5 : 6-Dimethyl-3- Tha, 8 yoo crystallised 
from light petroleum in platelets, m. p. Ral (Found: C, 1sH,,.O, requires C, 77-6; 
H, 8- Light (ethanol) : = 21504 

ared from sodium ny g.) in liquid enmeale (700 c.c.) in presnece of ferric nitrate 
as catalyst. 4 Seelae of acetylene was in, followed by anhydrous triacetonamine (175 g.) 
(prepared by distilling the monohydrate at 15 mm.) in ether (175 c.c.) during 15 mins. The mixture was 
stirred overnight, neutralised with ammonium chloride, and evaporated. The residue beter yr pes 
with ether to remove triacetonamine and then with hot glycol monomethylether. 4-Hydro go : 6- 
tetramethyl-4-ethynyl. CON ron crystallised on cooling in cubes or rectangular prisms, m. p. 12° (Found: : 
C, 72-6; H, 10-4. ccatyfatic carbind (9 65, 72-9; H, 10-6%) (yield, 80g. oF 80% calc. on the triacetonamine 
used). (9 g.), suspended in ioxan (50 c.c.), was heated (sealed tube) with 
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methy] iodide (16 g.) to 100° for 90 mins. The product was into water (500 c.c.), excess of methyl 
iodide removed, and excess of 10% aqueous um hydroxide added. The solid, together with a further 
quantity extracted from the filtrate by ether, was crystallised from light petroleum to give 
4-hydroxy-1:2:2:6: COON lpiperidine (yield, 8-4 g. or 90%), m. P. 120° (Found 
C, 73-6; H, 10-65. C,,.H,,ON requires C, 73-8; H, 10-85%). The Pith seit carbinol (3 g.) was refluxed 
for 15 mins. with acetic anhydride (10 c.c.) and sodium acetate (3 g.), the solution cooled and poured into 
an excess of aqueous sodium hydrogen carbonate, and the acetoxy-compound extracted with ether. 
It could not itself be crystallised but 4-acetoxy-1 : 2: 2: 6 : 6-pentamethyl-4-ethynylpiperidine perchlorate 
crystallised from glycol monomethyl ether in pointed prisms, m. p. 247° (decomp.) (Found: C, 50-0; 
H, 7-2. C,,H,,O,NCI requires C, 49-8; H, 7.2%). 

5-Diethylaminopentan-2-one (18 g.), benzyl cyanide (25 g.), sodium methoxide (5 g.), and ethanol 
(70 c.c.) were refluxed together for 30 mins., the solution cooled, diluted with water (300 c.c.), and 
acidified, and material extracted by ether was rejected. The aqueous phase was treated with an excess 
of potassium carbonate, extracted with ether, and the extract fractionated. ee Coe a 
2-3’-diethylaminopropylethylene (yield, 11 g. or 38%), had b. p. 140°/0-1 mm., jf” 1-5261 (Found: 
C, 79-6; H, 9-1; N, 10-6. C,,H,,N, requires C, 79-7; H, 9-4; N, 109%). 1-Methyl-4-piperidone 
(5 g.) and benzyl cyanide (10 g.) were similarly condensed. 1-Methyl-4-(cyanophenylmethylene)- 
piperidine, b. p. 150°/0-5 mm., was precipitated as its hydrochloride (yield, 5-7 g. or 52%) by treating the 
ethereal solution with hydrogen chloride. The salt crystalli from ethanol in rectangular prisms, 
m. p. 203° (Found : C, 67-25; H, 7-0. C,,H,,N,Cl requires C, 67-55; H, 6-9%). 

Sodamide from sodium (24 g.) and ferric nitrate (1-2 g.) in liquid ammonia (500 c.c.) was treated 
slowly with benzyl cyanide (60 g.), and stirring continued for a further 30 mins. Ethylene oxide (45 g.) 
in ether (250 c.c.) was introduced dropwise, and the mixture stirred for 40 hrs., neutralised with 
ammonium chloride (60 g.), evaporated, and the residue extracted with water. 2-Imino-3-phenyl-3-2’- 
hydroxyethyltetrahydrofuran (61 g., 58%) crystallised from methanol in prisms, m. p. 130° (Found: 
C, 70-45; H, 7-4; N, 6-6. C,.H,,0, uires C, 70-3; H, 7-4; N, 68%). The imino-compound 
(10 g.) in In-hydrochloric acid (55 c.c.) at 0° was slowly treated with sodium nitrite (3-5 g.) in a small 
volume of water at 0°. Nitrogen was evolved and an oil separated which solidified on keeping overnight. 
a-Phenyl-a-f’-hydroxyethylbutyrolactone (yield, 9-7 g.) crystallised from carbon tetrachloride—benzene 
(3: 1) in prisms, m. p. 77° (Found: C, 69-7; H, 6-8. Calc. for C,,H,,0,;: C, 69-9; H, 6-9%). It was 
also formed on g an acid solution of the imino-compound overnight. It was probably identical 
with the compound described by Bergel et ai. (J., 1944, 268; cf. also Walton and Green, Joc. cit.) as an 
oil, as the a-phenyl-a-(2-piperidinoethyl) butyrolactone hydrochloride derived from the present compound 

ed with that described by Bergel et al. The iminotetrahydrofuran (37-5 g.) was boiled gently for 
1 hr. with 48% aqueous hydrobromic acid (36 c.c.) and concentrated sulphuric acid (15 c.c.). After 
dilution with water and ether, the extract was distilled to give a-phenyl-a-(2-bromoethyl)-y- 
butyrolactone, b. p. 140°/0-02 mm. (46 g., 94%). This lactone (25 g.) and dimethylamine (7-5 g.) in 
ether (60 c.c.) were kept at room temperature for 24 hrs. and then at 50° for 7 hrs. Dimethylamine 
hydrobromide was filtered off, and the filtrate and washings were distilled to give a-phenyl-a-(2-dimethyl- 
aminoethyl)butyrolactone, b. p. 215°/20 mm. or 140°/0-1 mm. (20-5 g., 95%) (Found: C, 72-3; H, 8-3. 
€,4H,,0,N requires C, 72-1; H, 8-3%). The hydrochloride was precipitated from ethereal solution b 
hydrogen chloride; it crystallised from ethanol in prisms, m. p. 193° (Found: C, 62-6; H, 7-6. 
C,,4H.,O,NCI requires C, 62-3; H, st Methylmagnesium iodide [from magnesium (6-5 g.) and 
methyl iodide (36 g.) in ether (160 c.c.)] was treated dropwise and with stirring with phenyldimethyl- 
aminoethylbutyrolactone (10-3 g.) in ether (30 c.c.),and the mixture refluxed for 20 hrs. Excess of Grignard 
reagent was decomposed by dropwise addition of methanol followed by water. Magnesium compounds 
were filtered off, and the aqueous layer extracted with ether. The combined extracts were dried and 
treated with hydrogen chloride. The solid was taken up in ethanolic hydrogen chloride, and the solution 
boiled for a few minutes, evaporated to small bulk, and allowed to stallise. The hydrochloride 
recrystallised from ethanol in needles, m. p. 174° (yield, 2-5 g.) (Found: C, 59-25, 59-35; H, 7-5, 7-6; 
N, 4-2. C,;H,;ONCI, requires 59-3; H, 7-6; N, 46%). 

A rapid stream of dry hydrogen chloride was for 2 hrs. into an ice-cold mixture of redistilled 
ethylene chlorohydrin (320 g.), trioxymethylene (65 g.), and anhydrous calcium chloride (55 g.). The 
mixture wa. kept at 0° for 2 days, filtered, the solid washed with dry ether, and the combined filtrate and 
-washings were distilled to give di-2-chloroethylformal, b. p. 105°/14 mm. (250 g., 84%). 

Fresh sodamide (190 g.) was finely ground under toluene, and suspended in dry toluene (4 1.) ina 
flask fitted with an efficient stirrer preferably of the Hershberg type (Org. Synth., Coll. Vol. II, 117). 
Benzyl cyanide (600 g.) was added dropwise with stirring to maintain the temperature of the mixture 
at about 40°, and the latter was finally warmed gradually and boiled to expel ammonia (15—60 mins.). 
Dichloroethylformal (410 g.) was added so as to keep the temperature at 40°, and the mixture finally 
refluxed for 60—90 mins. until the solid had given place to an almost clear brown solution. After 
cooling and addition of water (500 c.c.), the solution was acidified to Congo-red, any solid 

henylacetamide) rejected, and the toluene layer separated and distilled. Di-3-cyano-3-phenylpropyl- 
‘ormal (330 g., 65%) had b. p. 115°/0-001 mm. but was difficult to obtain free from phenylacetamide and 
a chlorinated impurity (Feund : C, 75-0; H, 6-5. C,,H,,O,N, requires C, 75-5; H, 6-65%). 

The preceding formal (53 g.), ethanol (60 c.c.), water (200 c.c.), and concentrated hydrochloric acid 
(40 c.c.) were stirred vigorously at 85° for 30 mins., formaldehyde being evolved. After cooling and 
dilution with water to 400 c.c., the oil was. separated, and the aqueous layer extracted twice with ether. 
The combined oil and extract on distillation gave 2-hydroxyethylbenzyl cyanide (39 g., 75%) (cf. Knowles 
and Cloke, Joc. cit.). Thionyl chloride (116 g.) was added slowly to a mixture of hydroxyethylbenzyl 
cyanide (91 g.) and dimethylaniline (190 g.) which was stirred vigorously and cooled to keep the internal 
temperature at > 20°. The mixture was warmed, kept at 80° for 30 mins., then poured into ice-water, 
acidified, and extracted with ether. On distilling the extract, 2-chloroethylbenzy] cyanide was collected 
at 160—180°/14 mm. (yield 66 g., 65%). 

ChloroethylIbenzyl cyanide {is g.), piperidine (17 g.), and dioxan (30 c.c.) were heated together to 100° 
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for 6 hrs.; water (200 c.c.) was added, and the solution acidified and extracted with ether to remove 
unchanged chloro-compound (35 g.). The aqueous layer was treated with solid potassium carbonate and 
again extracted with ether. Distillation of the extract gave 2-piperidinoethylbenzyl cyanide (13-5 g., 
or 60% calc. on the chloro-compound used), b. p. 150°/0-1 mm., the picrate of which crystallised from 
oo monomethy]l ether in rhombic prisms, m. p. 161° (Found : S 55-4; H, 5-2. Cs:H,0,N, uires 
é 55-1; H, 5-1%). 2-Chloroethylben 1 cyani e (15 g.) and dimethylamine (9-5 g¢ } in dioxan (40 c.c.) 
were heated together (sealed tube) to 100° for 20 hrs. The mixture was diluted with water to 200 c.c., 
neutral products removed from the acidified solution, and excess of ium carbonate added to the 
aqueous layer. Extraction with ether and distillation gave 2-dimethylaminoethylbenzyl cyanide (11-5 g., 
73%), b. p. 85°/0-05 mm., n#* 1-5116 (Found : C, 76-6; H, 8-6. Cale. for C,,H,,N, : C, 76-55; H, 8-6%) 
cf. Kwartler and Lucas, Joc. cit.). 2-Chloroethylbenzyl cyanide (13-5 g.) and morpholine (14- “2 g.) were 
heated together to 100° for 7 hrs., the solution diluted with water (80 c.c.), and the product isolated as in 
the preceding preparation. 2-M orpholinoethylbenzyl cyanide (yield 10-3 g., 60%) b. p. 140°/0-05 mm., 
1-5280 C, 73-0; H, 7-6. C,,H,,ON, requires C, 73-0; H, 7- 9%. 
ridinoeth benzyl cyanide (12-5 g.), ethanol (30 c.c.), and concentrated sulphuric acid (11 g.) were 
neato! (ocaled tube) to 135° for 5 hrs., the solution poured into ice-water (200 c.c.), and the basic ester 
salted out with an excess of potassium carbonate. The aqueous we bP = extracted three times with 


ether, and the combined oil and extracts on distillation ot apres Y no-a-phenylbutyrate (10-3 g. 
68%), b. p. 115°/0-05 mm., 1-5162 (Found : C, 74-4; 8-8. requires C, H, 9-29 
hydrogen chloride was passed into a solution of ‘the bas in ether; e prec 

drochloride crystallised from dioxan in rectangular (Found : 65-6 ; 


4-4. C,,H,,O,NCI requires C, 65-4; H, 8-4; N, 5%). mB y-dimethylamino-a-pheny 
(yield, 8-2¢., 713%) was similarly prepared from dimethylaminoethylbenzyl cyanide (9 g.), ethanol (35c.c.), 
and sulphuric acid (10 g.); it had b. p. 100°/1-5 mm., »?” 1-5010 (Found : C, 71-4; H, 9-0. C,,H,,O,N 
requires C, 71-4; H, 9- 62%). Ethyl y-morpholino-a-phenylbutyrate (8-5 g., 70 %) was similarly obtained 
from holinoethylbenzyl cyanide (10 g.), ethanol (30 c.c.), and sulphuric acid (8-5 g.). The ester had 
b. p. 135°/1-5 mm., n¥*" 1-5207, nif" 1-5190; the hydrochloride, prepared with ethereal hydrogen chloride, 

ised from chloroform or dioxan in rectangular prisms, m. p. 169° (Found: C, 61-8; H, 75. 
C,,.H.,O,NCI requires C, 61-3; H, 7-7%). 

A slow stream of dry hy en chloride was. into boiling tetrahydrofuran (200 g.) until the 
temperature of the liquid was 102° (ca. 6 hrs.). e solution was cooled to 0°, trioxymethylene (35 g.) 
added, and a rapid stream of hydrogen chloride passed in for I hr. After addition of anhydrous calcium 
chloride (50 g.), the mixture was kept at room re ae oe for 5 days, the solid removed, and the liquid 
distilled. Small quantities of unchanged tetrahydrofuran, tetramethylene dichloride, and tetra- 
methylene chlorohydrin (30 g.) were recovered, and di-4-chlorobutylformal (150 479 y collected at at 
100"/ mm. (Found: C, 2; H, 8&1. CH;,0,Cl, requires C, 47-2; H, 7: rther product 


b. a 130°/0-01 mm. 
(2 L) as dooneal above. Di-4-chlorobutylformal (197 g.) was added to the sodio-compound, and the 
whole refluxed with stirring for 1 hr. After cooling, water (600 c.c.) was added, followed by excess of 
acetic acid. The aqueous layer was extracted twice with ether, and the combined toluene and ether 
extracts were distilled. Unchanged benzyl cyanide was recovered, followed by phenylacetamide, and 
di-5-phenyl-5-cyanoamylformal (120 g.) wascollected at 125°/0-002 mm.; it had m}§° 1-5268 (Found : 
C, 77-1; H, 7-6; N, 7-6. gS'was Rydroiysed wi 76-9; H, 7-7; N, 7-2%). 

The above formal (43 was hydrolysed with ethanol (50° c c.), water (150 c.c.), and concentrated. 
ye ec acid (30 ant , and the product isolated as described for hydroxyethylbenzyl cyanide. 

ant oe 0%) (34 g., 80%) had b. p. 160°/0-2 mm. (Found: C, 75-8; H, 7-5. C,,H,,ON 
requires C, 76-1 8-0%). The a-naphthylurethane was prepared by heating the carbinol with the 
equivalent quantity of a-naphthyl isocyanate at 80° for 15 mins. (sealed tube). The gum was washed 
with light petroleum = eventually recrystallised from benzene, carbon tetrachloride, or cyclohexane: 
in small needles, m. 96° (Found: C, 77-1; H, 6-3. C,,;H,,0,N, requires C, 77-05; H, 6-2%). 
4-Chlorobutylbenzyl opanitlls (125 g. or 78%) was prepared from the —— carbinol (145 g.), 
dimethylaniline (220 g.), and thionyl chloride (125 g.) by the method used for chloroethylbenzy] cyanide ; 
the chlorobutyl compound had b. p. 125°/0-1 mm., »#° 1-5276 (Found: C, 69-5; H, 6-8. C,,H,,NCI 
requires C, 69-5; H, 6-8%). 

Chlorobutylbenzyl cyanide (14 g.), 339 a nye e in ethanol (12 g.), and ether (80 c.c.) were 
heated to 100° for 16 hrs. (sealed tube), the product diluted with water to 200 c.c., and potassium 
carbonate added. The aqueous layer was extracted twice with ether, distillation of the extract giving 
4-methyla cyanide 73%), b. p. 126°/0-5 mm., 1-5117 (Found: C, 77-3; H, 91. 
Cy3H,,N, requires C, 77-2; H, 9-0%).  4- methylaminobutylbenzyl cyanide (13-7 g., 80%) was prepared 
from the appropriate chloro-compound (36-5 g.) and dimethylamine (9-5 g.) in dioxan (40 c.c.) as. 
described for the dimethylaminoethyl oT it had b. p. 110°/0-5 mm., n}#* 1-5053 (Found : 
C, 77-8; H, 9-0. C,H, 9N, requires C, 7 H, 9-3%). Similarly 4-morpholinobutylbenzyl cyanide 
(15- 5 g., 78%) was obtained from the chloro-compound 16 g.) and morpholine (14-4 g.). It had b. 
190°/0- “5 mm., 3° 1-5210 (Found: C, 74-5; H, 85; N, i0-8. C,,H,,ON, requires C, 74-4; H, 8-6; 
N, 10-85%) ; the ee crystallised from glycol monoethyl ether in prismatic needles, m. p. 123° (Found = 
C, 53-9; H, 5:3; 14-9. C,,H,,0,N, requires C, 54-2; H, 5-2; 14-4%) 

Alcoholysis of the nitrile group in the above substituted butylbenzyl i was ee as in the 

——— of the substituted aminobutyric esters above. 4-Dimeth ee 
11-5 g.), ethanol (40 c.c.), and sulphuric acid (10-4 g.) gave 
oan (12-3 g., mye" b. p. 115°/1-5 mm., ae -4945 (Found: C, 73-2; H, 9-7. CreHasOa¥ requires. 

73-1; H, 6 4-Morpholinobutylbenzyl cyanide (13 g.), ethanol (35 c.c.), and su acid 
tio g.) gave ethyl e-morpholino-a-phenyihexoate (12-4 g., 80%), b. p. 145°/0-2 mm., 15128 (Found : 


70-8; H, 8-6. otter N requires C, 70-8; H, 8- 9%) ; its hydrochloride, igitned from ether by 
hydrogen chlorid e, crystallised from ethyl acetate in small prisms, m. p. 133—135°. 
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162. The Oxidation of Some Aldoses by Alkaline Solutions of 
Iodine. 


By O. G. INGLEs and G. C. ISRAEL. 


The kinetics of the oxidation of two aldopentoses and three aldohexoses by alkaline solutions 
of iodine of pH varying from 10-0 to 13-5 have been investigated, and the results demonstrate 
conclusively that the active oxidising — is hypoiodous acid. The optimum pH for the use 
of this reaction in the determination of aldoses in solution is shown to be 11-35 at 25°. The 
configurations of the aldoses examined have some bearing on the rates at which they are 
oxidised by hypoiodous acid, but the exact relationship has not yet been established. 


THE method for the determination of aldoses in solution by quantitative oxidation to aldonic 
acids by alkaline solutions of iodine has been described on many occasions (Romijns, J. Soc. 
Chem. Ind., 1897, 16; 765; Bland and Lloyd, ibid., 1914, 33, 948; Bougault, Compt. rend., 
1917, 164, 1008; Willstatter and Schiidel, Ber., 1918, 51, 780; Judd, Biochem. J., 1920, 14, 
255; Kolthoff, Analyst, 1923, 48, 386; Hinton and Macara, ibid., 1924,-49, 2; 1927, 52, 668; 
Kline and Acree, Ind. Eng. Chem. Anal., 1930, 2, 413; Macleod and Robison, Biochem. J., 
1929, 23, 517). It seems to have been assumed always that the iodine first reacts with alkali to 
form iodide and hypoiodite, and that the latter is the effective oxidising agent. At the same 
time, varying degrees of alkalinity have been recommended by the different authors and varying 
conditions have been specified for the oxidation. 

In order to obtain more precise data on the optimum conditions for such oxidations, the 
kinetics of the reaction have been examined. Preliminary experiments had indicated that the 
oxidising agent effective in the reaction between glucose and an alkaline solution of iodine is 
free hypoiodous acid. This conclusion has been confirmed in the case of five aldoses—glucose, 
mannose, galactose, arabinose and xylose—by comparing the rate of oxidation, using buffered 
solutions of pH ranging from 9-0 to 14-0, with the concentrations of free hypoiodous acid and of 
hypoiodite ion in those solutions at the start of the reaction. Instead of determining the 
velocity constant for each reaction studied, the time of quarter-change, ¢,,,, was measured. 
The reciprocal of this time, which is directly proportional to the velocity constant, was used as a 
measure of the rate of the reaction. 

When the values of 1/¢,,, were plotted against the pH of the reaction mixtures, the curves 
obtained were of the same shape as the [HIO]—pH curve but differed markedly from the shape of 
the [IO-]-pH curve. By choosing suitable scales, the rate curve could be made to coincide 
almost exactly with the [HIO]—pH curve, as may be seen in Figs. 1, 2, and 3. This leads to the 
conclusion that the active oxidising agent in each case is un-ionised hypoiodous acid. 

For each aldose investigated, the reaction rate conformed to a second-order equation. 
Further, with glucose as the sugar in the reaction, the effect of adding varying amounts of 
sodium chloride to the reaction mixture was examined, and no appreciable salt effect 
was detected. The absence of a salt effect indicates that the reaction does not take place 
between ionic substances and that at least one of the reactants must be non-ionic. This adds 
further confirmation to the hypothesis that the reaction takes place directly between the aldose 
and hypoiodous acid. 

Calculations of the velocity constants for the oxidation of each aldose were also made. The 
values of k so obtained showed a Slight drift; the cause of this is under investigation, and it is 
hoped to discuss the phenomenon in a subsequent paper. 

Finally, one reaction mixture in which glucose was used was allowed to come to equilibrium, 
and the resulting solution was analysed. Gluconic acid was identified as the main constituent 
of the solution obtained when reaction is complete. 

From these observations, it follows that the probable mechanism of the oxidation of aldoses 
by iodine in alkaline solution follows the equation : 

R-CHO + HIO —> R'CO,H + Ht +T, 
where R is the carbohydrate chain. 
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An interesting feature was noticed in regard to the rates at which the various aldoses are 
oxidised. It was found that xylose and glucose react with hypoiodous acid at almost the same 
rate, and that the rate of oxidation of galactose or arabinose is about 33}% greater. The 
oxidation rate for mannose was much smaller than that for glucose. Thus, it appears that the 
configurations of the carbohydrate chains affect the rate at which the sugar is oxidised. 
Arabinose (I) and galactose (IV) are identical in configuration about carbon atoms 2, 3, and 4. 


Fic. 3. 
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© & (time of quarter change) for mannose. 


Xylose (II) and glucose (V) are similarly related, but mannose (VI) corresponds to lyxose (III) 
which has not yet been investigated. 


5CH,: om H,OH CH,OH H,OH H,-OH H,-OH 
—OH H-——OH HO—C—H H—C—OH H—C—OH 
—H HO—C—H H—C—OH H—C—OH H—C—OH 
1 


—OH H—C—-OH HO—C—H HO—C—H 
HO HO HO—C—H H——OH HO—C—H 
HO HO HO 

(I1.) (III.) (IV.) (V.) (VI.) 


“an aN confirm certain of the results obtained by Myrback (Svensk Kem. Tids., 
1939, 51, 7, 74, 149, 179, 206, 225; 1940, 52, 21, 200, 293; 1942, 54, 17), who estimated that the 
maximum rate of oxidation of aldoses by alkaline solutions of iodine should occur in the 
neighbourhood of pH 11. ~ Myrback calculated the relative rates of oxidation¥of several aldoses 
on the basis of glucose = 1. Table I provides a comparison between these values and;those 
obtained during this investigation. 


TaBLeE I. 
Relative Rates of Oxidation of Aldoses. 

Aldose. Myrback. I. and I. 
1-00 1-00 
1-22 1-36 
0-24 0-24 
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‘These values show a very good agreement in view of the method used by Myrback to obtain his 
Tesults, a method which would not give results of the same degree of accuracy as that employed 
in this investigation. 

EXPERIMENTAL. 

Materials.—The materials used were B.D.H. “ AnalaR’”’ reagents, with the ex of galactose, 
xylose, arabinose, and mannose, which were pure samples. All sugars were checked for purity by 
measurement of their specific rotations, the values found for these substances being glucose, 
[a]?9° + 62-70° (International Critical Tables give + 52-83°) ; , [a}?" + 78-80° (1.C.T. + 79-25°) ; 
xylose, [a]?° + 19-00° (I.C.T. + 19-13°); arabinose, [a]? + 104-5° (I.C.T. + 105-0°); mannose, 
[a}?0” + 12-60° (I.C.T. + 14-40°). In addition, the refractive index of a solution of galactose containi 
2-3 grams of galactose 100 ml. of solution was determined and found to be ?0" 1-3367 (Internati 
‘Critical Tables give 1-3366). 

Buffer solutions employed are listed in Table II. Since these buffers were used at a temperature 


TaBLeE II. 
pH. Composition of buffer. Ref. 
10-17 50 ml. 0-1m-Na,CO, + 20 ml. 0-1N-HCl made up to 100 ml. 1 
10°35 50 ml. + 15 ml. 1 
10-55 50 ml. + 10 ml. 1 
10-86 50 ml. ” + 5 ml. ” ” ” 1 
11-00 25 ml. 0-In-Na,HPO, + 4-13 ml. 0-In-NaOH made to 50 ml. 2 
11-20 25 ml. + 6-00 ml. 2 
11-40 25 mil. + 8-67 ml. 2 
11-60 25 mil. + 12-25 ml. 2 
11-80 25 ml. + 16-65 ml. 2 
12-50 0-05n-NaOH 
12-80 0-ln-NaOH 
13-10 0-2n-NaOH — 
13-45 0-5n-NaOH — 


1. Kolthoff, J. Biol. Chem., 1925, 68, 135. 
2. Kolthoff and Vleeschhouwer, Biochem. Z., 1927, 189, 191; Chem. Weekblad, 1927, 24, 526. 


‘(25°) differing from that which was specified by Kolthoff, and in view of the inaccuracies entailed in the 
fine measurement of the volumes required for making up these buffers, the pH of each solution (up to 
11-35) was measured by means of a Coleman pH-meter standardised against the standard buffer 
recommended by Bates, Hamer, Manov, and Acree (J. Res. Nat. Bur. Stand., 1942, R.P. 1495), the pH of 
which is 11-68 at 25°. The use of sodium hydroxide alone as the buffer substance for the pH range from 
12-40 to 13-50 is justified since, in such reaction mixtures, there is such a large excess of sodium hydroxide 
‘that the pH remains almost unchanged during the reaction. The pH values of such solutions were 
calculated from the concentrations of sodium hydroxide using values of the activity coefficients given by 
‘MacInnes (‘‘ The Principles of Electrochemistry ’’, New York, 1939, p. 167). 

The sodium carbonate—hydrogen carbonate buffer employed gave low values for the rate of oxidation 
of glucose in the region pH 10-95—11-35. Such low values are probably due to the formation of 
1 : 2-a-p-glucose carbonate in such reaction mixtures (cf. Degering, “‘ Outline of the oe of the 
‘Carbohydrates ’’, Cincinatti, 1943, p. 377). When ionisation of the carbonic acid is repressed by loweri 
the pH, this effect is avoided. For a similar reason an alkaline boric acid buffer (Clark and Lubs, J. Biol. 
Chem., 1916, 25, 479) also gave low values for the oxidation rate of glucose, an effect — due to the 
formation of 1 : 2-a-p-glucose pyroborate (Myrback and Gyllensvard, Svensk Kem. Tids., 1942, 54, 17). 

Kinetic Methods.—For the purpose of these experiments, 3% solutions by weight of each aldose and a 
™/40-solution of iodine in m/1 tassium iodide were used. ese solutions together with the various 
buffer solutions were immersed in a constant-temperature bath (25-00° + 0-05°) for at least $ hour to allow 
them to reach the required temperature. 

In carrying out the iments, into a 250 ml. conical flask, also immersed in the bath, were pipetted 
in order, 25 ml. of the buffer solution, 1-25 ml. of the 3% sugar solution, and finally 5 ml. of the 
m/40-iodine. The total draining time of the 5 ml. pipette used for adding the iodine solution was found 
to be 4 seconds and hence the time for the commencement of the reaction was taken as 2 seconds after the 
initial addition of the iodine. The mixture was shaken immediately and reaction was stopped after 
the required time by adding 50 ml. of cold 3% sulphuric acid. iodine liberated was titrated 
immediately against n/100-sodium Lenny same using a microburette, the titration being carried out 
with a stream of carbon dioxide bubbling ugh the solution. No account was taken of the amount of 
iodate formed during the reaction, since it is known that iodate is completely inactive as an oxidising 
agent for aldoses. acidification, the iodate is decomposed in the presence of iodide to regenerate the 
equivalent amount of iodine. 

This procedure permitted accurate determinations of the amounts of unused iodine in the mixture as 
early as 4 seconds after the start of reaction. For each mixture, 
titre of thiosulphate against the time, and from the graphs, the time of quarter-change, ¢, ,, was read. 

The results of these experiments are recorded in Table III. 

Calculation of the Initial Concentrations of Hypoiodous acid and Hypoiodite Ion in the Reaction 
Mixtures.—A imi value of the ionisation constant of hypoiodous acid has been given by Fiirth 
(Z. Elektrochem., 1922, 28, 57) as: 

(H*] (10-] _ joa 
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TaBte III. 

Times of Quarter-change, t14, in Seconds. 
pH. Mannose. Galactose. Arabinose. Glucose. Xylose. 
10-15 60 51 
10-55 
10-60 28 “5 — 
10-85 
10:90, 
10-95 
11-02 18-5 
11-15 
11-20 
11-25 14-25 
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12-50 _ 
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13-10 _ 64 
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Further, the equilibrium constant for the hydrolysis of iodine at 25°: I, + HAO=HIO+ H+ +I-, 
is known to be 7 
(HIO}] _ 3 x 10713 


14-5 
32 


om 
laslllll 


| 


(2) 


(Bray, J. Amer. Chem. Soc., 1911, 38, 932; Bray and Connolly, ibid., p. 1485), and for the 
reaction between iodine and iodide ion to form tri-iodide at 25° the equilibrium constant is given by 


Geeomees £- mo Chem., 1894, 18, 539; 1896, 20, 19; Bray and McKay, J. Amer. Chem. Soc., 
4, 1207 

From the values of these three equilibrium constants and the known concentration of total iodine in 
any given reaction mixture, it is ible to calculate the initial concentrations of h ous acid and 
hypoiodite ion as follows. In experiments, the total iodine concentration was 4-0 x 10-* mols. /l. 
In contact with hydroxyl ions and iodide ions, some of this iodine is converted into hypoiodous acid, 
hypoiodite ion, and tri-iodide ion. Thus: 


+ [HIO] + [10-] + = 40 x 10%. 


As a first approximation, the concentration of iodide ion may be taken as equal to the amount of iodide 
added, i.e., in this case, [I~] = 1-6 x 10°. Thus for i 1 go concentration of hydrogen ion a value of 
fot is obtained from (1), of [HEC from (3). By substituting these values in (4), 
values “7 [I,] and of [I,~] are obtained as a first meteitialiten. From this value of [I,~], a more accurate 
value of [I~] may be obtained and the whole calculation is then repeated. In this way successive 
are taken until the values of [I~], and become constant. The values given 
able IV were obtaned by this method of calculation 


1s) _ 


TaBLe IV. 

pH. (HIO}. pH. (HIO}. 
9-00 * 9-60 x 10° 9-60 x 10° 11-50 6-66 x 10-4 2-10 x 10° 
9-40 2-40 x 10% 0-60 x 10° 11-60 ., 6-15 x 10-4 2-45 x 10° 
10-00 9-38 x 10° 9-38 x 10% 11-80 4-78 x 10-4 3-02 x 10° 
10-40 2-20 x 10-* 0-55 x 10 12-00 3-43 x 10-4 3-43 x 10-3 
10-80 ' 447 x 10-4 2-82 x 10-¢ 12-40 1-52 x 10-¢ 3-80 x 10° 
11-00 5-83 x 5-83 x 10-¢ 13-00 3-95 x 3-95 x 
11-20 6-80 x 10-¢ 1:08 x 10° 13-40 1-59 x 10° 3-98 x 10° 
11-30 6-97 x 10-4 1-39 x 10° 14-00 3-99 x 3-99 x 
11-40 6-93 x 10-4 1-73 x 10° 


One of us (G. C. I.) wishes to acknowledge the helpful a given by Professor F. G. Soper, 
University of Otago, Dunedin, N.Z., during the preliminary stages of this investigation. 
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463. The Structure of Molecular Compounds. Part VI. The 8-T'ype 
: Clathrate Compounds of Quinol. 


By D. E. and H. M. Powe 


Crystalline compounds of ideal formula 3 quinol : M are shown to have a common structural 
component consisting of quinol units hydrogen bonded to form two independent interpenetrat- 
ing giant molecules which together enclose small molecules M of the second component. X-Ray 
and other data are recorded for the compounds where M is SO,, MeOH, HCl, HBr, H,S, C,H,, 
H-CO,H, CO,, MeCN. Mixed ae have also been prepared with two different kinds of 
molecule in the enclosures. yses and molecular-weight determinations from unit-cell 
dimensions and densities are in agreement in showing that there may be considerable departure 
from the ideal formula through many of the cavities available for M being unoccupied. 

For several compounds in which M is a sufficiently small molecule the dimensions of the 
quinol structure are almost constant and are determined by the equilibrium of the two 
interpenetrating giant molecules. The larger enclosed molecules uce minor alterations 
in the unit-cell dimensions, distending the quinol framework along the c direction of the 
hexagonal cell and contracting it simultaneously at right angles by an effect analogous to the 
extension of a piece of trellis without alteration in the dimensions of its component ) 
These variations have been correlated with the dimensions of the enclosed molecules. Slight 
alterations in the shape of the quinol cagework, without alteration in the dimensions of the 

uinol units or their connecting hydrogen-bonded hexagons of OH groups, are made so that 
e cavities may accommodate the different molecules M. These structural changes have 
been correlated with the variations in the weak birefringence in the series. 

In Part IV (Powell, this vol., p. 61), the conditions of formation and some properties of clathrate 
compounds formed by enclosure of one kind of molecule by others are discussed. The crystal 
structures given in detail in Parts III and V (Palin and Powell, J., 1947, 209; this vol., p. 571) 
show that two interpenetrating giant molecules of hydrogen-bonded quinol units may together 
enclose molecules M in this way to give complexes formulated as shown, and that there is some 
' freedom of movement of the enclosed molecule which, although firmly 
retained, need not be closely bound to its surroundings. The present 
! fe" communication contains the results of structural examinations made on 
wee “) “**\ some other members of this series of compounds in order to determine 
, whether there is a constant structural type and to find the effects of 
varying the type and concentration of the enclosed molecule. Some of 
these compounds have been prepared previously (for references, see Part III) and it is now 
found that molecules of varied type may be enclosed in this way provided that they satisfy 
certain size requirements, and do not react chemically with quinol in the conditions of preparation. 
It is also normally necessary that the added component should exist in the form of molecules 
in solution with quinol in sufficient concentration to ensure its being trapped during the 
building up of the structure, although other methods of preparation may sometimes be 

possible. Some materials containing two kinds of enclosed molecule were also examined. 


I. 
fracti Axial ratio : 
: from 2c/a from 
Morphology, forms in Double interfacial “ray 
M. thomboh: indices. w. €. refrn. angle. examntn. 
so, prisms (101) 1-62, 1-65, +0-02, 0-714 0-714 
wi 
so, As above but poorly formed — 0-680 
men 
MeOH Colourless pri 101) with 1 1-62. —0-00 0-66 0-67 
MeCN Colourless prisms (101) with 1-60, 1-66, +006, 0-78, 0-78, 
H-CO,H with 1-61 163, +002, 0-68 0-68, 
uriess 
(100) and (211) 
Co, Colourless ome 0-72, 
HCl Colouriess 1-63, 1-62,  —0-00, 0-66, 
HBr wn — 0-66, 
Colourless 1-63, 161,  —0-02, 0-65, 
et to so, above — 0-70, 
MeOH 
SO, + HCl Pale yellow hexagonal prisms 1-63, 1-62, —0-00, — 0-67, 
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All the substances were obtained in stable crystalline forms; some of their properties are 
summarised in Table I, M representing the enclosed molecule. All except one of these materials 
melted at about 170° but this temperature probably does not correspond to the melting point 
of the unchanged substance since it is found that decomposition, with volatilisation of quinol, 
may occur at temperatures much lower than this. The formic acid compound differed from 
the others in melting at about 160°. Tests for pyroelectricity by the liquid-air method gave a 
positive result for the methanol compound, a weak, rather doubtful effect with the methyl 
cyanide compound and with the mixed compound containing methanol and sulphur dioxide, 
and no detectable effect with the others. 

Very similar X-ray diffraction patterns were obtained with all these crystalline materials. 
The unit-cell dimensions and densities were used to find a unit-cell weight and hence a com- 
position which is compared with that obtained by chemical analysis. The results are collected 
in Table II in which Q in cols. 6 and 7 represents quinol and the last four columns show the 
agreement between the compositions derived in the two different ways. 


TaBLeE II. 
Ideal formula From chemical 
Added molecule . ? 3Q,M. From X-ray results : analysis : 
M. Cell dimension, Formula Mol. wt. Mol. Mol. 
Mol. wt. kX U. wt. for per u ratio ’ ratio 
M of M. a. c. d.* 3(3Q,M). M, %. cell, a. M,%. M/3Q. M,%. M/3Q. 

HCl 36-5 1655 546 1-38 1100 9-97 1083 8-6 0-85 8-58 0-85 
HBr 81 16-57 548 1:36 1233 19-7 = 1075 7-9 0-35 8-1 0-36 
H,S 34 1658 5-49 1:34 #1194 9-35 1060 6-5, 0-69 6-2 0-64 

C,H, 26 16-63 5-46 1-31 1068 7-31 1038 4-6 0-62 — — 
MeOH 32 16-56 5-55 1-35 1086 8-85 1078 8-1 0-92 8-6 0-97 
H-CO,H 46 16-42 5-65 1-37 1128 12-23 1096 9-7 0-79 10-2 0-82 
So, 64 16-29 5-81 1-44 1182 16:25 1165 14-8 0-91 14-5 0-88 
co, 44 16°17 582 1:36 1122 11:77 1087 89 0-74 8-9 0-74 
MeCN 4l 15-95 624 133 1113 11:06 1108 10-7 0-96 11-0 0-99 

SO, (B) 16-49 6-60 1-32 1182 16-25 1056 6-2 0-34 ca.5 

MeOH 
SO, + 16-47 554 139, — 1100 3-86 0-22 
Cl 5-78 0-58 
* d= Density. + Sample not homogeneous. 


From these results and the close similarity of all the photographs to the corresponding ones 
obtained for the two compounds which have been examined in detail it is concluded that all 
these compounds have the same essential structure, with the component M occupying closed 
cavities in the quinol structure. Two effects may be seen immediately from Table II, viz., 
that the cavities need not all be occupied, and the cage structure itself may be slightly modified 
by the enclosed molecule. Although there is one cavity to every three quinol molecules of 
the cage structure, the number of molecules found to be associated with this amount of quinol 
may be considerably less than one, e.g., 0°36 in the hydrogen bromide compound, but may 
approach the ideal value, e.g., 0°99 for methyl cyanide and 0°97 for methanol, and never 
exceeds it. The cell dimensions, and thus those of the cage structure, are seen to vary slightly 
from one compound to another. 

Although the ordinary «-form of crystalline quinol has a different structure, it appears 
from experiments reported in Part IV and from further uncompleted work that in special 
conditions quinol may crystallise in the same form of two interpenetrating quinol frameworks 
with vacant cavities. This structure is now given the name #-quinol, which should no longer 
be used to describe the methanol compound. The compounds which contain this as a com- 
ponent are accordingly described as of the 6-type. Since this ®-structure can exist by itself, 
it is readily understood how similar structures containing any proportion of M from 0 to 1 
molecule for every three quinol molecules may be formed. That the same composition is not 
always obtained for the same M is shown by the two samples of the sulphur dioxide compound 
which have 0°91 and 0°34 molecules severally, and by the hydrogen bromide complex reported 
by Gomberg and Cone (Amnalen, 1910, 876, 238) with 15—17% HBr. 

Since the empty §-structure is not readily formed when the solvent or other molecules 
cannot be enclosed, it seems clear that the enclosure itself exerts a stabilising influence. From 
solvents with molecules too large or too small for enclosure the much more complex «-struc- 
ture is formed by an arrangement of quino] molecules such as that suggested in Part IV. 


a 
c 
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This produces a denser packing although it loses in part the natural way of linking quinol 
molecules in accordance with the directional requirements of the hydrogen bonds. The 
calculated density 1:26 for the empty 6-structure, considerably lower than the observed value 
1°33 for a-quinol, is in agreement with this. 

The slight variations in the unit-cell dimensions for the different compounds are related 
to the dimensions of the enclosed molecule. The atoms of the surrounding cage structure 
have their centres distributed over the surface of a sphere of diameter slightly less than 8 a., 
so that an effectively spherical molecule of contact radius 2 a. or more could be contained 
without undue close approach to any atom of its surroundings. For the molecules HCl, HBr, 
H,S, which may be regarded as of this kind, the dimensions of the three unit cells are nearly 
equal, with the maximum a and minimum c values found. The other molecules may be 
regarded for packing purposes as of roughly dumb-bell shape and, owing to the distribution 
of the surrounding atoms on the sphere with a comparatively wide separation of the hydroxyl 
groups in their hydrogen-bonded hexagons at the top and the bottom of the cell, the dumb- 
bell axis must be placed vertically parallel to the c axis of the crystal in order to avoid close 
contacts with the carbon atoms of the quinol molecules. Increase in length of the molecule 
causes an increase in the c dimension. Of the two molecules which may be represented for 
packing purposes as (I), acetylene produces no increase and the somewhat larger methyl alcohol 
gives the smallest increase. The similar sulphur dioxide and formic acid molecules represented 
by (II) give a larger change, about the same as that for carbon dioxide (III), and the greatest 


(I.) (III.) 


increase is found with the linear methyl cyanide molecule which has the greatest length between 
centres of its terminal atoms. The distensions of the cell along the c direction are therefore 
made to accommodate these lengths, and since the unit cells for the four smallest enclosed 
molecules have nearly the same dimensions of mean value a = 16°58, c = 5°47 kX it appears 
that these represent the natural dimensions determined by the equilibrium of the parts of the 


quinol frameworks alone. If this is so, the same unit-cell dimensions may be expected for the 
unfilled §-structure. 


Fie. 1. 


Trace ofc 
plane (0007) 


-2x2-75 + 5-5c0s0=a/V3 


One quinol molecule is shown with its pis axis inclined at an angle @ to the 0001 plane. The 
two hexagons of hydrogen-bonded O eroups through which this molecule is linked to the vest of the 
structure are drawn in, and the way in which the angle @ may be related to either the a or the c dimension 
of the unit cell is indicated. Distances marked are in Angstrém units. The hinging effect is obtained 
by variation in the angle 0. 


Simultaneously with increase in c there is in nearly every case a decrease in the a dimension 
and, if the compounds containing acetylene and those containing two kinds of enclosed mole- 
cules are excluded, the order of increasing c is exactly the same as that of decreasing a. These 
changes may therefore be explained to a first approximation on the assumption that in all the 
structures the quinol molecules remain linked through similar hydrogen-bonded hexagons of - 
OH groups and that the quinol molecule as a whole may be regarded as hinged as shown in 
Fig. 1 at its points of attachment through its oxygen atoms. 


Applied to the structure as a whole, this hinging produces an effect of simultaneous extension 
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in height with decrease in cross-section analogous to the changes in overall dimensions of a 
piece of trellis work produced by varying the angle between its crossed component parts without 
altering their dimensions. The general character of the effect may be seen from Fig. 2. 

On the assumptions that the oxygen—oxygen distance in the quinol molecule is constant 
(5°5 a.) and that similar plane hexagons of side 2°75 a. join the OH groups in all the structures, 
it is possible to calculate two independent values for the angle 6, the tilt of the quinol molecule 
axis to the c plane. One value depends on a and the other on the c dimension only as shown 


Fic. 2. 


Schematic representation of the enclosure of a molecule between two cage systems. Increase in length of the 
enclosed molecule is accompanied by an extension of the cage in one direction and contraction in the 
plane at right angles without alteration in size of the cage-forming components. For clarity only one 
enclosed molecule is shown with its immediate surroundings. To correspond with the real structure each 
cage should be imagined as indefinitely repeated in three dimensions by the prolongation of its edges. 


in Fig. 1. The values of 6 so calculated are given in Table III. Most of the values found are 
in good agreement and support the assumptions made. Small discrepancies, however, occur 
with the carbon dioxide and the methyl cyanide compound and may be interpreted as shown 
below in terms of the general packing arrangements in the cavities.. 


Taste III. 
8, calc. 0, calc. @, calc. calc. @, calc. 0, calc. 
M. from a. from c. M. from a. from c. M. from a. from c. 
HCI ...... MeOH ...... 42°21’ 42° 18’ MeCN ...... 47° 36’ 49° 10’ 
HBr ...... *42°.10’ 41° 40’ H-CO,H ... 43 37 43 14 SO, (B) ...... 43 2 42 46 
SO, 44 96 44 41 SO, + 
ied 41 42 41 28 Oe cout 45 46 44 55 MeOH 


SO,+ HCl 43 12 42 13 
* For these three very similar unit cells the average dimensions a = 16-57, c = 5-48 were used. 


Approximate interatomic spacings between quinol and the added molecule are shown in 
Fig. 3. The distances have been obtained graphically on the assumption that there is a 
stationary molecule of known dimensions in a central position in the cavity of size determined 
by the appropriate unit-cell dimensions. : 
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In the diagram for the acetylene compound the distances to the middle of the acetylene 
molecule may be taken as very nearly equal to those applying to the HCl, HBr, and H,S 
compounds with c/2 = 2°8 a. For the bent SO, and H’CO,H molecules alternative sets of 
values are given for molecules as shown at a given point of their rotation about a vertical axis 
taken either through the oxygen atoms or between the three atom centres. For the SO,(B) 
specimen the distances as given above for SO, are, read from top to bottom, modified to 3:1, 
2°85, 3°45, 3°3, 3-4, 3°05 a. The quinol molecule has been constructed with the calculated tilt 
to the c face but with an assumed constant angle of 45° between the plane of the benzene ring 
and the (1210) plane. This angle is not constant but is sufficiently near for the present purpose. 

The plane of the benzene rings is found to be at 45° to the (1216) plane in the sulphur dioxide 
compound which has a ¢ spacing about half-way between the extreme observed values for the 
other compounds. If the quinol cage is compressed along the c axis from this position it would 
be expected from packing requirements that the quinol molecules would twist about their 
oxygen—oxygen axis to take up a greater angle with this plane and that ultimately an equilibrium 
determined by the contacts of the quinol molecules would be attained, and this appears to be 


Fic. 3. 
Ox 
37 


of 


the case from the nearly constant cell dimensions for the HCl, HBr, H,S, and C,H, compounds, 
where there is considerably more room than is necessary to accommodate these small molecules. 
If, on the other hand, the structure is elongated along the c axis it seems likely that in order 
to give the best all round interatomic spacings the quinol molecules would twist in the opposite 
direction and so turn into the cavities. Such an extension gives a structure of poorer packing, 
the unit cell volumes for cells of a = 16°56, c = 5°47 (mean values for the most compressed) 
and for the sulphur dioxide compound a = 16°29, c = 5°81 being 1299 and 1335 AX, respectively. 
This extension will therefore only be stabilised by restoring forces supplied by a suitably sized 
molecule retained in the cavities. The limit of permissible extensions appears to be reached 
in the methyl cyanide compound, and it is significant that this is the only one of the compounds 
examined in which the 3 : 1 molecular ratio of the components is attained, stability being obtained 
in this case only by the filling of all the cavities. This compound alone of those examined 
showed signs of decomposition, in that some powder lines were observed on the X-ray photo- 
graphs, and it was found impossible to prepare a compound containing the slightly larger carbon 
disulphide molecule. The discrepancy in the two calculated values for the angle of tilt of 
the quinol molecule in the methyl cyanide compound may be removed if a slight increase in the 
hydrogen-bond length to 2°8 a. is assumed, whereby the angle calculated from a becomes 49° 0’ 


Ox 
45°! 
1927 
2749 3-4 
12-9 
/ 
SO2 CH; 0H re) C02 | 
le Ox Ox x 
[-) 
Cal Cay 36 31 
- 
\/ 
OO H-CO.H CH; CN C2H2 
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in sufficient agreement with 49° 10’ calculated from c. The discrepancy could also be removed 
if a slight puckering of the hydrogen-bonded hexagon was assumed. The first explanation 
seems the more likely since, as discussed above, the benzene rings probably turn in towards the 
cavities with a consequent tendency to lower interatomic distances than those shown in Fig. 3 
(based on a 45° angle to the 1210 plane); these lower interatomic distances could be most 
readily corrected by an extension of the hydrogen bonds. 

In the carbon dioxide compound, although the molecule is linear and has an oxygen to 
oxygen distance less than that of the sulphur dioxide molecule, the c dimension is about the 
same as that of the sulphur dioxide compound but the a dimension is somewhat lower. The 
corresponding discrepancy in the angles of tilt of the quinol molecule calculated for the carbon 
dioxide may be corrected if the hydrogen bond length is assumed to be reduced to 2°72 a. The 
reduction is possible because the quinol molecules can move slightly in towards the c axis 
without getting too near to the carbon dioxide molecules and, at this c dimension and quinol 
orientation, without bringing the quinol molecules themselves too close together. That this 
lower hydrogen-bond length does not occur in any of the other compounds is due to the other 
limitations imposed by interatomic distance of quinol to quinol or enclosed molecule to quinol. 

The birefringence may be explained qualitatively in terms of the structure. Since the 
symmetrical arrangement of molecules in compensating orientations produces uniaxial optical 
behaviour it is only necessary to consider polarisation parallel and perpendicular to the c axis. 
The direction of greatest polarisation of the quinol molecule will be along the oxygen—oxygen 
axis, and since this is tilted at about 45° to the c axis it tends to produce equal refraction for 
vibration along the c axis and at right angles to it. The other direction of comparatively high 
polarisability will lie in the plane of the benzene ring at right angles to the oxygen—oxygen axis, 
but the rotation in the structure of this plane through 45° from a position parallel with the c 
axis has a similar equalising effect and the result is a very low birefringence for the quinol 
structure as a whole. Two structural alterations which occur as the enclosed molecule M is 
varied both produce a similar effect on the double refraction which is in agreement with observ- 
ation. The distension of the cage structures by the trellis effect mentioned above increases. 
the angle above 45° and thus tends to increase the polarisation parallel to the c axis. The 
molecules which produce this distension are themselves arranged with their long directions 
parallel to the c axis and thus also tend to increase the polarisation for a vibration with the electric 
vector in this direction, i.e., the two effects both contribute to increasing positive character of 
the double refraction. This is in accordance with the observations recorded in Table I, where 
the double refraction for the compounds with HCl, HBr, H,S, C,H,, and MeOH has a weak 
negative value, and that for compounds with H°CO,H, SO,, and MeCN which have a greater 
c:a ratio is positive with a maximum value for the most distended structure, that containing 
methyl cyanide. 

EXPERIMENTAL. 

The materials used were prepared as follows, each compound being described under the heading of 

the enclosed molecule. 


Sulphur dioxide. A steady stream of sulphur dioxide was passed through a saturated aqueous 
solution of quinol at room temperature. 
Sulphur dioxide, —_— (B). This substance was obtained by accident in conditions similar to. 
those employed in hem og ” reparation of the normal sulphur dioxide compound but with a solution not 
xide. 


saturated — eo More precise details are not known. 
Methano tallisation of quinol from methanol at ordinary temperatures 
atts “"By crystallisation on cooling from a warm saturated solution of quinol in methyl 
<yerommic acid By crystallisation on cooling from a warm saturated solution of quinol in A.R. formic 


acid of concentration exceeding 95%. Any ai neeres dilution of the formic acid with water results. 
in the formation of a-quinol. 


Carbon dioxide. About 2 g. of solid carbon dioxide were added to 10 ml. of an aqueous solution of 
uinol, saturated at 40°, contained in a Parr bomb. The cover was secured, and the bomb heated to. 
° and then allowed to cool slowly to room temperature. After a short time, the bomb was then 
opened, and the crystalline product separated. 
with Kqdingen chlorite 2 from a saturated solution of quinol in ether after saturation 
a 
Hydrogen bromide. This was prepared as for the hydrogen chloride compound except that the degree 
of h en bromide saturation was uncertain owing to the formation of am ether-HBr complex. 
drogen sulphide. By crystallisation from a saturated aqueous solution of quinol after saturation 
with hydrogen sulphide at 30°. 
Acetylene. Acetylene was through a saturated solution of quinol in ether. 
Sulphur dioxide + me: a ution of quinol in methanol after- 
saturation with sulphur dioxide at 


4 
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Sulphur dioxide + hydrogen chloride. S dioxide and hydrogen chloride were passed into a 
solution of quinol in ether saturated at 20°. soon as precipitation started both gas streams were cut 
off, and crystallisation was allowed to continue slowly on standing. 

Analyses.—When sufficient of the compound was available, analysis was carried out for the added 
component. Whenever possible the method used was specific for the added component and depended 
for its application on the liberation of this component in solution. 

Sulphur dioxide. The whole of the sulphur present was estimated after destruction of organic 
matter. 

Methanol. The methanol was separated from the bulk of the — by distillation as’its azeotrope 
with water and was determined in the distillate by isothermal di into acid dichromate solution 
and back titration with thiosulphate. 

Sulphur dioxide (B). The sulphur dioxide was removed from the compound by solution in water 
and distillation in an evacuated apparatus where it was absorbed in sodium hydroxide solution and 
determined by means of standard iodine. 

Methyl cyanide. The nitrogen was determined by the micro-Kjeldahl method. 

Formic acid. The compound was dissolved in water, and the liberated formic acid titrated with 
standard alkali. Although any excess of alkali reacts with the quinol this does not occur until the acidity 
has been neutralised, the end-point to phenolphthalein being readily observed. 

Carbon dioxide. The method was similar to that described for sulphur dioxide (B) except that the 
carbon dioxide was absorbed in sodium hydroxide + barium chloride solution and the barium carbonate 
so precipitated was determined. 

Hydrogen chloride. The compound was dissolved in water and the liberated chloride ion deter- 
mined as acidity or by electrometric titration with standard silver nitrate solution. 

Hydrogen bromide. The bromide ion liberated on solution was determined on the micro-scale by 
means a silver nitrate with mercuric chloride + diphenylcarbazone as internal indicator in 
an ether layer. 

Hydrogen sulphide. As for sulphur dioxide (B) except that the distillate was not neutralised before 
addition to acidified iodine solution. 

Acetylene. No quantitative analysis was made. The presence of acetylene in appreciable con- 
centration was confirmed by precipitation of acetylide. 

Sulphur dioxide + methanol. sulphur dioxide was determined as acidity and the presence of 
methanol was confirmed by distillation from a neutralised solution. 

Sulphur dioxide + hydrogen chloride. Total acidity and chloride were determined. 

Each compound was examined under the polarising microscope and, where well-formed crystals were 
obtained, a morphological examination was made by Miss M. W. Porter. The principal refractive 
indices were determined by the temperature index variation method. Densities were fi by flotation. 
The unit-cell dimensions were determined from oscillation photographs taken with copper-K, radiation 
and the resultant photographs were in each case com with those of the sulphur dioxide and the 
methanol compound previously examined in detail. 


The authors are grateful to Messrs. 1.C.I. Ltd. for the opportunity given to one of them (D. E. P.) 
to engage in this work. They wish to record their thanks to Miss M. W. Porter, Min - 
ment, Oxford, for the morphological examination of a number of crystals, and to Mr. F. P. Johnson, 
I.C.I., Widnes laboratory, for his analyses of the re with sulphur dioxide, methanol, and 
methyl cyanide. Much of the work described in Parts III, V, and VI of this series is discussed in greater 
detai for the degree of Ph.D. of the 
University of on, 
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164. The Preparation of N*-Carboxyacylsulphonamides. Part II. The 
Synthesis of N*-Phthalylsulphanilamide Derivatives. 
By C. W. Picarp, E. Retp, (Miss) J. REyNoLps, and D. E. SzEyMour. 


p-Phthalimidobenzenesulphonyl chloride (I), which is obtained by the chlorosulphonation 
of either phthalanil (Dewar and King, J., 1945, 114) or phthalanilic acid, has been caused to react 
with a number of amines and the resulting p-phthalimidobenzenesulphonamides have been 
hydrolysed to the corresponding N«phthalylsalphanilamides (ITT). 


In Part I (Picard, Reid, and Seymour, J., 1946, 751), the condensation of -succinimido- 
benzenesulphonyl chloride and succinylsulphanilyl chloride with amines has been described. 
The work has been extended to cover similar condensations of p-phthalimidobenzenesulph- 
onyl chloride, in view of the fact that some N*-phthalylsulphanilamides, and more particularly 
N*-phthalylsulphathiazole, have been shown to be superior to the succinyl analogues as intestinal 
antiseptics (Poth and Ross, Proc. Amer. Soc. Pharmacol., Fed. Proc., Baltimore, 1943, 11, 89; 
J. Lab. Clin. Med., 1944, 29, 785; Kirchof et al., J. Surg. Obst. Gynacol., 1943, 51, 419). 

The phthaly! derivatives are usually obtained in a similar way to the succinyl derivatives, 
i.e., by the action of the carboxylic acid or anhydride on the sulphanilamide (cf. Picard et al., 
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loc. cit.). p-Phthalimidobenzenesulphony] chioride (I) has not been used previously as a starting 
material for these compounds, although its use as a possible substitute for acetylsulphanilyl 
chloride in the synthesis of N-substituted sulphanilamides was discussed by Dewar and King 
(J., 1945, 114) in a paper which appeared whilst the present investigation was in progress. 

We have prepared -phthalimidobenzenesulphonyl] chloride (I), essentially according to the 
method used by these authors, and have caused it to react with several amines, viz., ammonia, 
methylamine, aniline, 2-aminopyridine, and 2-aminothiazole, using pyridine or g second mole of 
reacting amine as acid acceptor, to give the corresponding p-phthalimidobenzenesulphonamides 
(II). The phthalimido-compounds (II) were hydrolysed to the corresponding phthalylamino- 
compounds (III, R’ = OH) by means of hot dilute alkali. Hydrolysis with dilute mineral acid 
caused complete cleavage, yielding the free sulphanilamide. 

It was found that, in general, the phthalylamino-derivatives do not possess a melting point 
distinct from that of their closed-ring analogues (II), no doubt owing to the fact that ring closure 
occurs on heating. In some cases, partial decomposition at a lower temperature was observed, 
followed by subsequent complete melting at a temperature near the melting point of the pure 
anil (II). N*-Phthalyl-N'-phenylsulphanilamide (III, R = C,H,, R’ = OH) was the only 
compound of this type examined which possessed a distinct melting point. 

Treatment of ~-phthalimidobenzenesulphonyl chloride (I) in dioxan solution with two 
molecular proportions of ammonia gave ~-phthalimidobenzenesulphonamide (II, R = H), which 
appears to be identical with the product obtained by Vanags and Weinberg (Ber., 1942, 75, 
1558) by heating sulphanilamide with excess of phthalic anhydride. In contrast to its 
succinimido-analogue, however, the sulphony] chloride (I) was recovered substantially unchanged 
after treatment with excess of aqueous ammonia at 50° in a sealed tube. Reaction did occur 
with excess of ammonia in dioxan solution, but, instead of the expected N-(p-sulphamylpheny])- 
phthalamide (III, R = H, R’ = NH,) (cf. Picard et al., loc. cit.), the products were phthalimide 
and sulphanilamide. Indications were obtained that similar decomposition took place on 
treatment of the sulphonyl chloride (I) with aqueous ammonia in a sealed tube at 75° and of the 
sulphonamide (II, R= H) with ammonia in dioxan. It is suggested that either 
N-(p-sulphamylphenyl)phthalamide (III, R= H, R’ = NH,) or ammonium #-sulphamyl- 
phenylphthalamate (III, R = H, R’ = ONH,) is formed as an intermediate which decomposes 
at the temperature employed to give phthalimide and sulphanilamide, the alternative route to 
phthalimidobenzenesulphonamide and ammonia being suppressed by the presence of excess 
ammonia. It is of interest to compare this reaction with the behaviour of N-methylphthalimide 
and N-ethylphthalimide on treatment with aqueous ammonia under mild conditions, whereby 
ammonium N-methylphthalamate and N-ethylphthalamate respectively were obtained which 
decomposed to N-methylphthalimide and N-ethylphthalimide under conditions favouring the © 
removal of ammonia (Spring and Woods, J., 1945, 625). 

An attempt has been made to prepare phthalylsulphanily] chloride by chlorosulphonation of 
phthalanilic acid by a method analogous to that used for obtaining succinylsulphanily] chloride 
(cf. Picard e¢ al., loc. cit.). Under mild conditions chlorosulphonation did not occur, unchanged 
starting material being recovered; under more drastic conditions, chlorosulphonation took 
place accompanied by ring closure to phthalimidobenzenesulphony] chloride (I). 


(II.) (III.) 


EXPERIMENTAL. 

(All melting points are uncorrected.) 
p-Phthalimidobenzenesulphonamide H) and N‘-Phthalylsulphanilamide (IIk, R=H, 
R’ = OH).—Concentrated ammonia ( 1:14 ml.; 0-02 mol. y was added to a solution of 

chloride ( p. 241—242- 5°; Dewar and King, cit., ove m. 

34—237°) (3-22 g.; 0-01 mol.) in dioxan (65 ml.) at 30°. After 15 mins. ’ shaking, and fing, te 
solid (2-4 g., m. p. 316—317°) which had separated was removed and washed as water. 
from 807%, as clusters of mi 

p. 334° (Found: C, 55-95; 45. Calc. for C\4H,,0,N,S: C, 55-6; H, 3-35; N, 925%). 

p-thithalimidobenzenesniphonamide “iu, R = H) (0-91 g.) was hydrolysed by refluxin uxing with sodium 

ydroxide (0-1n; 61 ml.) for 1 hour. The solution was acidified (Congo-red) ’ addition of hydrochloric 
acid, and the solid collected and crystallised from 80% ethanol to give ‘-phthalylsulphanilamide 
(III, R = H, R’ = OH) as needles, m. p. 320—328° on : &. heating; i into the bath at 265°, 
the compound decomposed immediately and subsequently melted at 320—328°; it is soluble in cold 
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sodium hydrogen carbonate solution (Found: C, 52-7; H, 3°75; N, 8-4. Calc. for ‘C,,H,,0,N,S; 
C, 52-5; H, 3-8; N, 8-75%). 

A solution of the _p-phthalimidobenzenesulphonyl yer Yop (I) (3-22 g.; 0-01 mol.) in a mixture of 
concentrated ammonia (d 0-88; 30 ml.) and dioxan (125 ml.) was kept at 20—25° for 1} hours and then 
at 40—50° for 2 hours. After concentration in a eee mixture was diluted with water to give a 
white crystalline ae (0-84 g.) which on recrystallisation from water gave phthalimide, m. p. 
328 999°, undep: on admixture with an authentic specimen. The mother-liquor on standi 
yielded a small crop (0-42 g.) which on recrystallisation from water gave sulphanilamide, m. p. 160—162°, 
undepressed when mixed with an authentic specimen 

A (II, R = = CH;) and N‘-Phthalyl-N\-methylsulphanilamide 
(III, R = CH;, R’ = OH).—A solution of the sulphonyl chloride (I) (6-44 g.; 0-02 mol.) in acetone 
(100 ml.) was treated at room temperature with methylamine solution (33%: *8 ml.; 0-04 mol.), added 
with shaking during 10 mins. The reaction mixture was shaken for a further 15 mins. and then refluxed 
on the steam-bath for 30 mins. The colourless product obtained after removal of solvent was triturated 
with cold water ond from 50% honamidomethane 
(i, R = CH,) (3-8 g.) as small colourless needl .7 2°; it is insoluble in cold sodium 

N carbonate solution (Found: C, 57-3; H, 45; 8- ONS requires C, 57-0; H, 3-8; 
859 

The 0) (II, R = CH,) (3-16 g.; 0-01 mol.) was heated under reflux with peueen hydroxide 

solution (1-0N; 15 ml.) for 1} hours; on neutralisation with hydrochloric acid (10%; 4-6 ml.), a white 
recipitate was obtained which yielded N‘-phthalyl-N'-methylsulphanilamide (III, R = CH;, R’ = OH) 
2-3 g.) as small colourless needles from 30% aqueous ethanol, m. p. 241—242° (with prelimi 
softening at 180°); it dissolves in aqueous sodium hydrogen carbonate solution with evolution of carbon 
dioxide (Found: C, 54:1; H, 4-4; N, 8-05. C,,H,,0,N,S requires C, 54-0; H, 4-2; N, 8-4%). 

(Ill, = R’ = OH).—p-Phthalimidobenzenesulphon- 
anilide, m. p. 221—222° (0-6 g.), prepared as described by Dewar and g (loc. cit.), was boiled with 
tenn jum hydroxide solution 0: in; 30 ml.) for 1 hour. e solid which separated after acidification to 

mgo-red with hydrochloric acid recrystallised from glacial acetic acid to give N‘-phthalyl-N'- 
phenylsulphanilamide as needles, m. ard soluble in cake ueous sodium hydrogen carbonate 
C, 60-55; H, 3-9; N, 7-0. N,S requires C, 60-6; fH, 4-05; N, 7-05%). 
Phthalimidobenzenesulphonami \pyridine ine (Il, R = 2-pyridyl) and N‘-Phthal in 
= 2-pyridyl, R’ = OH).—A of 2-aminopyridine (0-47 g.; 0-005 m 
) was heated at 100° for 30 mins. with p-phthalimidobenzenesulphonyl thloride (I) 
006 mol. ). After removal of the pyridine in a vacuum, the residue was triturated with water (5 ml 
and washed with dilute hydrochloric acid. The light brown powder (1-32 g.) was recrystallised from 
80% dioxan to give 2-(p- "Cale for as prisms, m. p. 278—278-5° (Found : 
C, 60-15; H, 3-65; N, 11-1. Calc. forC aa C, 60-15; H, 3-45; N, 11-1%). 
2-(p-Phthalimidobenzenesulphonamid: )pyridine (0-94 g.) was refluxed for 2 hours with sodium 
solution (0-1N ; cation of the solution with hydrochloric acid to Congo-red 
gave reci — (0- TT g.) which, after recrystallisation from 70% “ ethanol, yielded 
Ne-phtt ylsulp: hepyrdine (III, R= '2-pyridyl, R’ = OH) as prisms which mposed immediatel 
if inserted in the bath at 240° and subsequently melted at 273—274° (Found : C, 57- 57-05; H, 3-85; N, 10- 
Calc. for C,,H,,0,N,;S: C, 57-4; H, 3-8; N, 106%). Shapiro and Bergmann (J. Or . Chem., 1941, 6, 
774) obtained the above compounds by the action o phthalic anhydride on sulpha) e and recorded 


. m. p. 276° for both the anil and the anilic acid. 


2-(p-Phthalimidobenzenesulphonamide)thiazole ai. R = 2-thiazolyl) and N‘-Phthalylsulphathiazole 
III, R = 2-thiazolyl R’ = .—2-Aminothiazole (1 g.; 0-01 mol.) in p e (1 ml.) and dioxan 
25 mi.) was treated with the sulphonyl chloride (I) (3-4 g.; 0-01 mol.). e mixtyre was heated at 
100° for 2 hours. After removal of the solvent mixture in a oe. the residue was Nga —- 
water (15 ml.) and washed with dilute hydrochloric acid. (3-7 g.), 
recrystallisation from 95% dioxan, gave 2- ithalimidobensenesulp mido) thiazole (Ir, 
thiazolyl) plates, m. 5° [Found (specimen dried at mm) 53-4; H, 3; 
N, 8-95; en dried at 65°/1 mm.) : C, 53-1; H, 3-25; N, 10-7 a 35, requires C, 52-9: 
H, z 9; x 0-9. “CaaH10,N,Sy,C,H,0, uires C, 53-25; H, 4-05; N, 8 
-p-(Phthalimidobenzenesulph onamido) le was also obtained by ies ol ener benzene or excess 

of pyridine as solvent or by using as acid acceptor an extra mole of aminothiazole in benzene or dioxan 
solution 

The anil (II, R = 2-thiazolyl) (1-15 g.) was hydrolysed in boiling potassium hydroxide solution 
(O-In; 60 ml) for 4hours. The product isolated in the usual way was recrystallised from 80% aqueous 
ethanol to give N‘-phthalylsulphathiazole as matic needles which anaes immediately if inserted 
in the bath at 220° and melted at 260—263° (Found : C, 50-5; H, 3-6; N,10-7. Calc. for C,,H,,0,N,S, : 
C, 50-6; H, 3-25; N, 10-4%). Moore and Gailler (7. Amer. Chem. Soc., 1943, 64, 1572) m. p. 
260—270° for this compound. 

Chlorosulphonation of Phthalanilic Acid.—A solution of phthalanilic acid (24-1 g.; 0-1 mol.) in 
chlorosulphonic acid (58-3 g.; 0-5 mol.) was heated for 1 hour at 100° and red on crushed ice. The 
solid was collected, washed with ice-water, and extracted with acetone. e acetone-insoluble fraction 


(13 g.) was recrystallised from chlorobenzene to give dhthalimidobensenesuiphon: 1 chloride as plates, 
m. 4 241—24 wins 
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165. The Growth of Coliform Bacteria in Media containing Nitrate 
and Nitrite. Part I. Adaptation to Growth with Nitrate and Nitrite 
as Nitrogen Sources. 


By P. R. Lewis and C. N. HINSHELWoop. 


Coliform bacteria reduce nitrate to nitrite and utilise the nitrite in growth. The 
relative rates of formation and consumption of nitrite vary considerably among strains. In 
less adapted strains of Bact. lactis aerogenes the nitrate reduction is the slowest step 
but the rate increases rapidly on training by serial subculture in nitrate media. In the trained 
state all the strains tested grew at a rate determined by the consumption of the nitrite, the 
product : rate of nitrite consumption x mean generation time being approximately constant. 
High concentrations of nitrite exert an inhibitory effect : this can be overcome by training the 
cells in presence of the appropriate nitrite solutions. There is no inhibition by corresponding 
concentrations of nitrate. 

Training separately to nitrate and to glycerol produces the same final result as training 
simultaneously to the combination of substrates. 

With strains of Bact. coli not initially trained to an ammonium sulphate-glucose medium, 
training to this confers pari passu a considerable measure of training to nitrate, suggesting that 
the adaptation of the nitrate—nitrite reducing system is a concomitant to the adaptation of some 
wer of the normal dehydrogenase system of the cells as it becomes trained to the artificial 
medium. 


(1) Introduction.—The most satisfactory hypothesis about the adaptation of bacteria to growth 
in a new culture medium is that changes occur in the nature or proportions of certain cellular 
enzymes (for arguments and references see Hinshelwood ‘‘ Chemical Kinetics of the Bacterial 
Cell’’, Oxford, 1946). In this connexion it is of interest to combine a study of some typical 
adaptive process with a direct investigation of the changes which actually occur in the 
appropriate enzymes. In the first part of the work to be described the adaptive process studied 
was the training of coliform bacteria to a medium in which the ammonium sulphate normally 
used as a source of nitrogen was replaced by sodium nitrate or sodium nitrite.* . 

The plan followed was to study the changes in growth characteristics accompanying 
adaptation by serial subculture in media containing nitrate or nitrite, and then, for various 
suitably chosen strains of cells, to measure the rate of enzymic reduction of nitrate to nitrite 
and the rate of consumption of nitrite. In any given experiment the difference between these 
two rates determines the rate at which nitrite accumulates in the nitrate medium. The results 
show which stage—the reduction of nitrate to nitrite or the further utilisation of nitrite—is the 
slower; what relative changes in these reactions occur during training; and how the absolute 
rate of one or other is related to the growth of the cells. These matters are considered 
in Section 5. 

During these studies it became clear that the reduction of nitrite or nitrate to a form in which 
the nitrogen i8§ available for the synthetic reactions is closely linked with the normal 
dehydrogenase mechanisms of the cell, and this idea came more and more into prominence in 
the later part of the work. In this the experiments were extended to include the study of the 
réle of hydroxylamine and of ammonia which are likely reduction products of nitrite. 

Neither hydroxylamine nor ammonia attains to any considerable concentration in the 
nitrite or nitrate media during growth. To compare the rate of utilisation of ammonia with its 
possible rate of formation from nitrate, experiments were made with media containing mixtures 
of ammonium salts and nitrate or nitrite. . 

It proved that, while ammonia is being utilised by the cells, the reduction of nitrite and 
nitrate is inhikhited. The nature of the inhibition was therefore studied, and proved to be 
connected with the different oxidation—reduction conditions prevailing during normal ammonia 
utilisation and nitrate or nitrite reduction respectively. 

Three phenomena—namely, the inhibitory action in question, a characteristic influence on 
nitrate reduction of the aeration conditions, and the Pasteur effect—all appear to be explicable 
on a common kinetic basis. This involves a common link in the carbohydrate-dehydrogenase 
cycle of the cell and in the nitrogen synthesis reactions. With this one assumption the various 
phenomena appear to be derivable from general kinetic principles in a way which is discussed 
in Part II (following paper). 


* Pollock (Brit. J. Exp. Path., 1946, #. tee has studied the reduction of nitrate by a strain of 
Bact. coli, but was concerned or with the — omena, rather than with progressive changes 
accompanying serial subculture, or wi F any reduction during active cell division. 
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(2) Experimental Methods.—Cultures and media. The methods used to determine the growth 
teristics (lag, growth rate, and total population) were as previously described (Hinshelwood and 
Lodge, Proc. Roy. Soc., 1944, B, 182, 47) except that the Sacteetdl population was usually determined by 
measuring the turbidity (Monod, ‘‘ La Croissance des Cultures Bactériennes ’’, Paris, 1942) of the sample 
with a Spekker absorptiometer which had been calibrated against hemacytometer counts. The counts, 
n, are given in terms of hemacytometer readings; m x 1-25 x 10* gives millions/ml. The scale is such 
7 * — showing the first signs of turbidity has m = 5—10, while one fully grown has m from 
1000 to 

In studying the effect of continued growth in a oo medium on the properties of a bacterial strain, 
the latter was regularly subcultured (0-2 ml. of the full-grown culture being transferred to fresh medium) 
and the properties of the strain examined at suitable intervals. This — is known as “ training ’’. 
Each subculture is approximately equivalent to 7 successive divisions of the cells, its serial number being 
a measure of the length of the training. 

Strains of Bact. lactis aerogenes and of Bact. coli were normally cultured in a medium of the following 
composition : potassium dihydrogen phosphate, 3-46 g./l.; magnesium sulphate, 0-38 g./l.; glucose, 
20 g./l.; and ammonium sulphate, 0-96 g./l.; brought to pH 7-12 with sodium hydroxide. 

They were then trained to media in which the ammonium sulphate had been replaced by sodium 
nitrate (1 g./l.) or sodium nitrite (1 g./l.). These are in future referred to as the “ nitrate’’ and the 
“ nitrite ’’ medium respectively. 

At intervals during training, the growth rates in the nitrate and the nitrite medium were determined. 
The rates at which these salts were reduced were measured by inoculating in parallel into two test media 
containing respectively nitrate and nitrite, and determining the concentration of nitrite prevailing at 
each stage during growth. From this the rates of nitrate and nitrite reduction per cell could be 
calculated. Where nitrate reduction was slower than removal of nitrite, experiments were also made 
with a third medium in which both salts were supplied initially. 

The compositions of the three test media used were as follows: (i) sodium nitrite, 100 mg./l.; 
(ii) sodium nitrate, 1000 mg./l.; (iii) sodium nitrite, 40 mg./l.; sodium nitrate, 1000 mg./l.; the other 
constituents being as in the standard medium referred to above, with omission of ammonium sulphate. 

The media were inoculated simultaneously either from a fully grown culture, or from a suspension of 
centrifuged and washed cells. 

Determination of nitrite. Samples were withdrawn at intervals, and heated to 100°. The 
concentration of nitrite was determined by the reaction with amino-G acid and a-naphthylamine in acid 
solution, which gives an azo-dye with a permanganate-like colour (Stieglitz and Palmer, J. Pharmacol., 
1934, 51, 398). The tint is proportional to the amount of nitrite, though only over narrow ranges of 
concentration, since not one, but several, dyes may be formed according to the nitrite concentration. 
Beer’s law is, however, obeyed over the range of 4—10 mg./l. of sodium nitrite in the test sample, and 
the sample was diluted when necessary to bring the concentration within this range. 

The compositions of the reagents were modified as follows : 

tt Amino-G acid, 0-18 g.; glacial acetic acid, 180 ml.; made 7. to 11. with glass-distilled water. 

ii) a-Naphthylamine, 1-8 g.; glacial acetic acid, 150 c.c. ; e up to 1 1. with glass-distilled water. 

Toa 5d oo of the test solution heated to near 100°, 5 ml. of each reagent were added 
[(i) being added first]. The mixture was kept at 40° for 40 minutes and then allowed to cool. The 
colour so formed is reproducible and stable for several hours. 

Since the colour is affected by the number of bacteria present, several series of standards containing 
different amounts of nitrite and eg were made up for each iment. The more turbid 
samples were compared with the standards by eye and the less turbid in a Duboscq colorimeter. Quite 
accurate determinations could be made provided that the turbidities of sample and standard were 
approximately equal, and that the concentrations lay within 25% of one another. 


(3) Calculation of Reaction Rates.—The calculation of the results depends upon the following 
considerations : 
Let at = amount of nitrite removed between times #, and ¢, and m, = count at time ¢. 
Since rate of removal of nitrite depends upon the number of cells present and on the time 
interval 
da = k’n, di 


whence ay = | n, at 


If this integral can be evaluated, k’ can be found. Two methods were used according to 
circumstances : (i) graphical integration, and (ii) integration with the assumption of logarithmic 
growth. 

(i) , is plotted against time and the area under the curve computed for successive time 
tervals. 


in 

[na 
Hence 


This method was used whenever growth was not logarithmic. 
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(ii) When growth was logarithmic : 


m, = 
where k = In 2/T, T being the mean generation time (m.g.t.). 
Hence, | n, dt = — (em — 
4 
= T(n, — m,,)/In 2 
T(%, — %y) 


In the following, rates are expressed in terms of mg./l. of sodium nitrite removed or formed in 
100 minutes by cells assumed to remain at a constant count of 150. Hence 


Rate = k’ x 15 x 10°. 
These will be taken as the standard units in all tables and diagrams. 


Fic. 1. 
The removal of nitrite by washed cells. 


150 200 750 
Time from inoculation (minutes). 

units. 

Growth began at the point A. 


The rate so determined was normally plotted either against time, or else against the number 
of divisions, x,, which a given culture has undergone at a time,?. 4%, is given by the expression, 
log(n,/n,) = %, log 2. 

In order that the results of the main series of tests may be more concisely summarised in 
later sections, the course of typical experiments will first be described once and for all. 

(4) Typical Behaviour. —(a) In the nitrite test medium. After inoculation there was an 
interval during which the concentration of nitrite remained unchanged. Growth then started, 
and, simultaneously, the concentration of nitrite began to fall, reaching zero after 1—2 hours. 
During the removal of nitrite growth was logarithmic, but as soon as its concentration fell to 
zero, the rate of division dropped abruptly. Fig. 1 shows the drop of nitrite concentration as a 
function of time and also a curve calculated on the assumption that the rate of nitrite removal 
during logarithmic growth remains constant at 86 units. 

Control experiments showed exact proportionality between the initial count of a suspension 
and its activity. The age of a suspension, estimated from the time of centrifuging, had little 
effect on the results. The age of the parent culture from which the suspension was prepared 
had, within moderate limits, also little effect but was always carefully controlled to within 1 hour 
of the cessation of logarithmic growth. 

(b) In the nitrate test medium. The behaviour in the nitrate test medium varied 


] 
( 
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considerably with the experimental conditions and with the history of the inoculum. It can be 
conveniently summarised under three headings. 

With strains of Bact. lactis aerogenes having a low growth rate in nitrate, no significant 
amounts of nitrite accumulated during growth, though a just detectable concentration 
(1—2 mg./l1.) appeared before growth started, only to disappear again when it did. 


Fic. 2. 
Behaviour of washed cells, trained to nitrate, in a nitrate medium. 


800 240 
@ Amount of nitrite accumulated. 


3 @ Rate of nitrite accu i 
3 © Rate of nitrate reduction. 

Rate of nitrite removal. 
1002 
jal 120 
~ 
605 


100 200 
Time after inoculation (minutes). 

With other strains, having a higher growth rate in nitrate, nitrite accumulated during 
logarithmic growth. Under the conditions of most of the experiments the nitrite concentration 
continued to increase during the logarithmic phase, and after the end of this it rose sharply. 
Fig. 2 gives the results of a typical experiment : it shows (a) the actual concentration of nitrite, 
(b) the rate of accumulation of nitrite (per cell), and (c) the rate of reduction of nitrate to nitrite, 
estimated on the assumption that the latter is removed at the same rate as in the nitrite test 
medium. 

Fic. 3. 
Behaviour of trained cells transferred from a fully grown culture medium and grown in a nitrate medium. 


| 
2 @ Amount of nitrite present. 

@ Rate of nitrite accumulation. 
£6 20: 

| 5 

0 100 0 300 
Time from inoculation (minutes). 


The above mentioned experiment was carried out in a 175 ml. flask with moderate aeration. | 
In corresponding experiments carried out in 7” x 1’ test-tubes, nitrite still accumulated during 
growth, but at a slower rate. Just before the end of logarithmic growth its concentration fell 
rapidly to zero, as shown in Fig. 3. The reason for this difference in behaviour is thought to lie 
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in the different rates of aeration. (The effect of the rate of aeration on the enzymic behaviour 
has been studied in some detail and is discussed later.) Under controlled experimental 
conditions, however, the behaviour was reproducible. 

(c) In a mixed medium. Fig. 4 shows the growth curve of an untrained strain (which 
consumed nitrite faster than it could produce it from nitrate), and the net consumption of 
nitrite which occurred throughout the logarithmic phase in the mixed medium. From the net 
removal of nitrite in this medium and from the corresponding rate in a medium containing no 
nitrate the rate of reduction of the latter can be calculated. 


Fie. 4. 


The disappearance of nitrite from a medium containing both nitrite and nitrate, 
inoculated with untrained cells. 


7 


0 100 200 

Time from inoculation (minutes), 

@ Growth curve. 

© Plot of decrease of concentration of nitrite. 


Concentration of sodium nitrite (1 


(5) Experiments on the Adaptation of Bact. lactis aerogenes to Nitrate and Nitrite.— 
(a) Growth-vate experiments. In the first series of experiments a strain of Bact. lactis aerogenes 
was serially subcultured in the standard nitrate medium, and its growth characteristics were 
determined at intervals. 

Even on the first transfer to the nitrate there was little difference between the observed 
and that for a parallel subculture into the ammonium sulphate medium in which the cells had 
been previously cultivated. Fifteen subcultures in nitrate made little difference to this state of 
affairs. In some experiments with very young cultures the lag of the untrained cells was 
actually less in the nitrate medium, but, on the whole, the lag—age relationships were very 
similar to those found in the ammonium sulphate medium, and it would appear that changes in 
lag, in sharp contrast with certain other cases, play little part in the adaptive phenomena 

The mean generation time was 66 minutes on the first subculture in nitrate and then fell in 
the manner shown in Fig. 5. 

In a first subculture in the nitrite medium the mean generation time was 100 minutes and 
then fell gradually tg the same final value as that reached in nitrate (Fig. 5). Since growth in 
nitrite was slower than that in nitrate, it seemed at first sight that the former could not be an 
intermediate in the utilisation of the latter. This idea proved, however, illusory. Nitrite at 
the concentrations used in the standard medium was found to have a specific inhibitory effect on 
growth. At lower concentrations of nitrite the mean generation time drops to values as low as 
53 minutes (Fig. 5). The principal effect of training cells by serial subculture in the test nitrite 
is simply to adapt them to resist this specific drug action of the nitrite itself. The training has 
little effect on the growth rate in nitrite solutions which are sufficiently dilute. 

Serial subculture in nitrate confers some immunity to nitrite, 105 passages through the 
former being roughly equivalent to 25 through the latter. From this it is reasonable to assume 
that at some stage during growth in a nitrate medium the cells are subjected to the action of 
nitrite, which thus appears in fact to be an intermediate in the utilisation of the former. 

Determination of growth rates at nitrate concentrations in the range 0°2—5 g./l. showed no 
dependence, and the growth rate in ammonium sulphate was unaffected by addition of nitrate. 
Thus there is no inhibitory effect of nitrate corresponding to that of the nitrite. 


n 
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With the untrained cells in nitrate the reduction of nitrate to nitrite appears to be the 
slowest step. After several subcultures in nitrate the enzyme responsible for this reduction 
seems to have expanded, and the slowest step finally seems to be the removal of the nitrite. In 
the trained state all the cells grow at the rate characteristic of that initially found for media 
containing dilute nitrite. 

(b) Enzyme activities. The same strain of cells was next tested for its power of reducing 
nitrate, and of consuming nitrite, as explained in Section 2. 

The specific rate of nitrite utilisation was found, for the untrained cells, to be 86 units. In 
the mixed nitrate—nitrite test medium the net removal rate for nitrite was 27, and, since the 
gross removal rate was 86, the rate of formation of nitrite from nitrate was 59 (Fig. 4). Ina 
medium containing nitrate only no appreciable accumulation of nitrite occurred. 


Fie. 5. 
The adaptation of Bact. lactis aerogenes to growth in nitrate and in nitrite media. 


0 0 20 30 15 8 100 110. 
Serial number of subculture. 

Open circles—trained in nitrite, tested in nitrite (two series). Black circles—trained in nitrate, tested 
in nitrate. Vertically divided circles—trained in nitrate, tested in dilute nitrite. Horizontally divided 
civcles—trained in nitrite, tested in dilute nitrite. 

After 14 subcultures in the nitrate medium the rate of nitrate reduction increased, and, in the 
nitrate test medium, nitrite accumulated at a net rate of 14 units. The rate of utilisation of 
nitrite had not changed appreciably (88 units approx.). Thus the total rate of nitrate reduction 
increased on training from 59 to 88 + 14 = 102 units. 

As appears from Fig. 5, the initial rapid adaptation to nitrate is followed by a phase in which 
the training shows a slow further improvement. Several strains were tested before and after 
this phase of the trajning (including strains which were found for some reason, presumably 
connected with their racial history, to start with a partial adaptation to nitrate). They showed 
little further change in the ability to reduce nitrate to nitrite, but a gradual improvement in the 
power of removing nitrite. In Table I, for example, is shown, for various stages of growth, the 
total rate of nitrate reduction by a strain initially partially trained and after 80 further 
subcultures in nitrate, which are seen to have caused little change. 


TABLE I. 
Same strain after 80 

n. Original strain. subcultures in nitrate. 

Rate of nitrate reduction. 
100 114 114 
150 122 122 
215 138 
300 rising rapidly to ca. 230 

Rate of nitrite utilisation 


| 
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In the experiments on nitrate reduction the rate always increased rapidly towards the end of 
the growth—which under the conditions of the experiment occurred when the cells in the initial 
heavy suspension had suffered about 2 successive divisions. This effect is shown in Fig. 2. 
When standard rates have been referred to above they are those characteristic of the early stages 
of the growth, before the suspension has seriously multiplied. 

(c) Experiments with glycerol in place of glucose as a carbon source. No reduction of 
nitrate or consumption of nitrite occurs when the carbon source is omitted from the medium. 
Thus the reduction process is linked with the carbon utilisation and is presumably coupled with 
some dehydrogenase system concerned in the latter. 

The experiments now to be described had two objects, namely to investigate whether training 
to glycerol-ammonium sulphate media confers training to glycerol—nitrate media, and to find 
what changes in enzyme activity occur during training to the new combination of substrates. 
This should throw some light upon the connexion between the enzymes that reduce glycerol or 
glucose and those which reduce nitrate. 

The conclusion is that if cells have first been trained to nitrate in the absence of glycerol, 
then training to a glycerol-ammonium sulphate combination confers adaptation to a glycerol— 
nitrate medium as rapidly as does growth in the glycerol—nitrate medium itself. The order of 
training to glycerol and to nitrate is unimportant, and the adaptations to nitrate and to glycerol 
appear to be independent of one another. The method of training to glycerol was as described 
in previous papers (Lodge and Hinshelwood, Trans. Faraday Soc., 1944, 40, 571; Cooke and 
Hinshelwood, ibid., 1947, 48, 733). The above summarised statement is illustrated by the 
results in Table II. 

TaBLE II. 


Glycerol-nitrate training experiments. 


= to abbreviations : (1) Cells have already been trained to the substrates shown in parentheses, 
e.g., (Gluc.-NO,). (2) Cells are being trained to the combination in italics, ¢.g., Glyc.-Amm. (3) The 
number of passages through the training medium is given in parentheses. 
Gluc.-Amm. (7 passages) 
(Amm.) Gluc.—NO, (35 passages) 


(Gluc.-NO,)  m.g.t. in (Cine .-NO,;) m.g.t. in 
(Gluc.-Amm.) Glyc.-Amm. Gluc.-Amm.) Glyc.-NO, 


55 minutes 100 minutes 
23 es 24 i 
: in Glyc.-Amm. in Glyc.-NO, 
m.g.t. in Glyc.-Amm. m.g.t. in Glyc.-Amm. 
42 minutes 48 minutes 
m.g.t. in Glyc.-NO, m.g.t. in -NO, 

61 minutes 62 minu 

Gluc.-Amm., (7 ) 

(Gluc.) _-Amm. {id passages) 
(Glyc.-Amm.) Gluc.-NO, 
m.g.t. in Glyc.-NO, 
55 minutes 


Experiments on the enzyme activity of a strain partially adapted to a glycerol-nitrate 
medium gave a nitrite utilisation rate of 103 units with glycerol and of 100 units with glucose. 
The rate of nitrate reduction appeared to be appreciably greater with glycerol, the value starting 
from about 190 units in the early stages of the test and rising still higher. 

(6) Experiments with Bact. coli and Bact. coli mutabile.—The investigation of Bact. coli is 

complicated by the fact that it must first be trained to grow in the ammonium sulphate medium. 
Two strains were used, one of Bact. coli commune and one of Bact. coli mutabile. The results 
with both were closely similar. 

The most marked apparent difference between these and the aerogenes strain lies in the 


A 
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existence of a considerable lag in the earlier subcultures in nitrate. This lag gradually diminishes 
on serial subculture until it becomes equal to that in ammonium sulphate. In this connexion 
a rather surprising fact appears, namely that prolonged serial subculture in ammonium sulphate 
trains the Bact. coli strain to nitrate as efficiently as a corresponding number of subcultures in 
nitrate itself. This is shown by the results in Fig. 6, where the adaptation is shown as a function 
of the total number of subcultures in either medium. (The logarithmic scale is for convenience 
only.) 

The training to ammonium sulphate is completed sooner than that to nitrate, a culture just 
trained to the former requiring a considerable number of further subcultures before becoming 
fully trained to the latter. Direct training in the nitrate medium (with gradual elimination of 
an initial asparagine source) gives adaptation both to nitrate and to ammonia, the final mean 
generation times in the two media being 38 minutes and 37 minutes respectively (mutabile 
strain) after 9 passages through nitrate. 


Fic. 6. 
Training of Bact. coli. 
+15 
: 
2-75 1-25 


10 20 
Serial subculture number of parent. 
© Trained in ammonium sulphate, 
@ Trained in ammonium te. 
@ Trained in nitrate after 1S subcultures in ammonium sulphate. 
Trained in ammonium 


M.G.T. in nitrate ealeulated fom enzyme experiment) 


1) Log A inst serial subcult mber ent. 
ia in NaNO,__38) mate number of parent. 


Since the rate of training to nitrate is the same in both media, the natural conclusion is that 
what occurs here is the development not of a nitrate- or nitrite-specific reducing system, but one 
which is capable of reducing these ions as an incidental to its normal function. In other words, 
that the nitrate—nitrite adaptation is here the concomitant to the adaptation of some part of 
the normal dehydrogenase system as the cells become trained to the synthetic medium. 

The enzyme tests (with both the commune and the mufabile strains) showed certain contrasts 
with Bact. lactis aerogenes. The rate of nitrate reduction was always greater than the rate of 
consumption, so that nitrite accumulated in the medium during growth in nitrate. The cells 
were never observed in the condition corresponding to the untrained state of the Bact. lactis 
aerogenes, where nitrate reduction was the slowest step. This difference is hardly of great 
Significance since strains of Bact. lactis aerogenes were later encountered in which a certain 
initial degree of adaptation to nitrate.(acquired during their past history in an unknown manner) 
was evident. 

The rates of nitrite consumption by the mufabile strain are as follows : 


after short training in ammonium sulphate medium . . 66 units 
after prolonged training in ammonium sulphate medium . 118 units 
after training in nitratemedium . . . . . . . . 138 units 
31 
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The rate of reduction of nitrate was always greater, and for the nitrate-trained strain showed a 
value, steady during growth, of 185 units, having shown, after short training in ammonium 
sulphate only, a value of about 155 units. 

After 6 subcultures in ammonium sulphate the Bact. coli commune strain showed a rate of 
nitrite consumption of about 60 units, and after 20 subcultures this had risen to 99, the rate of 
nitrate reduction being, at this stage, 150—170 units. 

(7) Correlation of Growth Rate and Rate of Nitrite Consumption.—The rate of growth is 
directly proportional to the rate of consumption of nitrite. This is shown by the constancy of 
the product : rate of nitrite consumption x mean generation time for the Bact. coli mutabile in 
nitrate at various stages of training, for Bact. coli commune, and for trained Bact. lactis aerogenes. 


Mean: 5-3 x 108 


For the untrained Bact. lactis aerogenes the product of nitrate reduction rate and mean 
generation time gave approximately this value, viz., 4°55 and 4°65. 
Fic. 7. 
Enzyme activity and growth rate in magnesium-deficient nitrate medium. 
100 | 100 
| 
O Growth rate. 
@ Rate of nitrite removal. 


a 
a 


Growth rate expressed as %o optimal. 


R 


Enzyme activity expressed as % optimal, 
R 


125 150 m5 200 
. Minutes from inoculation. . 


Further evidence of the correlation between the growth rate and the rate of nitrite 
consumption appeared in the course of some experiments on growth in a medium deficient in 
magnesium. In such a medium the growth rate is lower than normal and drops during growth. 
In Fig. 7 the growth rate and the rate of nitrite removal are both plotted as percentages of their 
respective optima. The points lieon onecurve. This shows the correlation in question, which 
does not appear when the nitrate reduction rate is plotted. 

The proportion of nitrite which is usefully incorporated into the nitrogenous material of the 
cell is constant. This appears from the following results. With Bact. coli mutabile there is an 
exact linear relation between the total increase in cell count and the total amount of nitrite 
removed, 1 mg./l. of sodium nitrite giving an increase of 1-95 in the hemacytometer reading. 


Rate of Rate of ; 
| nitrite nitrite 
con- con- 
; sumption. M.g.t. Product. sumption. M.g.t. Product. 1 
Bact. coli 66 82 5-41 x 10° Bact. coh 99 53 5-25 x 108 
mutabile 118 45 5-31 x 108 commune 
138 38 5-24 x 108 
———_ Bact. lactis 86 53 4-56 x 108 | 
P| aerogenes 87 52 4-52 x 108 1 
(trained) 90 51 4:59 x 10° , 
95 49 4-65 x 10° , 
102 54 4-59 x 108 
Mean: 4-6 x 108 
1 
4 
( 
t 
1 
I 
I 
a 
re 
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If one assumes that this is a constant, then the product: mean generation time x nitrite 
removal rate is easily shown to be 5°33 x 10%, in good agreement with that found from the. 
enzyme experiments. With Bact. lactis aerogenes the mean value of this product is 4°6 x 10%, 
i.é., for a given mean generation time the nitrite removal rate is lower in the ratio 4°6 : 5:3. 
Thus the increase in hemacytometer count for a consumption of 1 mg./l. should here be greater 
in the inverse of this ratio, that is it should be 1°95 x 5°3/4°6 = 2°24. The mean value found in 
various direct experiments was 2°35. 

(8) Discussion.—The utilisation of nitrate by the coliform bacteria seems, in the light of the 
results described above, to depend upon the reduction of nitrate to nitrite and upon the further | 
reduction of the latter. The relative rates of the two processes: (1) NO,’——> NO,’ and 
(2) NO,’ ——> further reduction, seem to vary considerably among different strains. In the 
least-adapted strains encountered in these experiments (1) was the slower, but rapidly increased 
during the training process. With all the strains (2) was the slowest after training and appeared 
to be susceptible to long, slow improvement by serial subculture in media which contained 
nitrite. In the final state the rate of nitrite removal seemed to determine the overall rate of 
growth, which, at least, for Bact. lactis aerogenes, always remained lower than that attainable in 
media containing ammonium salts. In so far as ammonia is assumed to be an intermediate in 
the utilisation of nitrite, it can therefore never attain in the medium a concentration 
corresponding to the optimum growth rate. This limits the degree of training that can be 
achieved. The reason why optimum growth in nitrite and optimum growth in ammonia are 
incompatible in this way is discussed in the following paper. 

Training to high concentrations of nitrite seems to be a special phenomenon more related to 
drug-adaptation than to substrate-adaptation, since at low concentrations the growth rate in 
nitrite shown by most strains already approaches the optimal. 
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166. The Growth of Coliform Bacteria in Media containing Nitrate and 
Nitrite. Part II. Influence of Ammonia and of Aeration, and the 
Coupling of the Oxidation—Reduction Systems involved. 

By P. R. Lewis and C. N. HInsHELWwoop. 


With lowered oxygen supply the reduction of nitrate by Bact. lactis aerogenes increases. 


Sudden aeration of an anaerobically growing culture leads to a catastrophic drop in the rates of 
reduction of nitrate and nitrite. 


rowth in ammonium salts inhibits nitrate and nitrite reduction. When the ammonia is 
used up the reduction process begins again, but only after a iod of recovery, longer for 
nitrate. The delayed recovery seems to be due to an inhibitor which is removed during growth. 
These and other results are interpreted in terms of a kinetic scheme (shown in Table I) 
according to which the normal op Aap ne mechanisms of the cell involve an oxidation— 
reduction system, X,XH,, which participates in other processes. The ratio [XH,]/[X] 
expresses and determines the reducing potential prevailing in the cell. Aeration lowers this 
ratio and impedes nitrate and nitrite reduction. Gothenns growth in ammonia demands a low 
value of the ratio (as shown by the need for good aeration) : thus optimum growth in ammonia 
and optimum reduction of nitrate or nitrite are incompatible. 


(1) Introduction.—In Part I (previous paper) there has been occasion to refer to the coupling 
of nitrate reduction mechanisms with the normal dehydrogenase activity of the cells. First, 
in the absence of their carbon source the bacteria will not reduce nitrate or nitrite, and, secondly, 
training of certain strains of Bact. coli to grow in a glucose-ammonium sulphate medium confers 
pari passu increased adaptation to nitrate. 

This idea comes into still greater prominence in a further series of studies now to be described, 
which are conveniently discussed before the experiments on the later stages of reduction of 
nitrite, since the results of the former are important for the interpretation of the latter. — 

(2) Influence of Aeration Conditions on Reduction of Nitrate and Nitrite—In view of the 
probable importance of the normal dehydrogenase systems in determining the rate of reduction 
of nitrate and nitrite, a study was made of the dependence of these rates upon the degree of 
aeration of the test media. Stickland (Biochem. J., 1931, 25, 1543) observed that some strains 
of Bact. coli reduced nitrate to nitrite (which was apparently not further used by the cells) more 
rapidly under anaerobic conditions, the nitrate ion providing the oxygen necessary for the 
general metabolism of the cells. 
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First, therefore, the accumulation offnitrite during the growth of Bact. lactis aerogenes in the 
nitrate test medium was measured under various conditions of aeration. There seemed little 
advantage in making a series of experiments at controlled partial pressures of oxygen, since the 
rate of accumulation of nitrite varies in any case during growth, and quantitative interpretation 


Fic. 1. 
Rate of nitrite accumulation and degree of eration. 
80 


| 
T Brisk aeration in test-tube. 
II Aeration in large flask. 
II No aeration. 


o 


Rate of nitrite accumulation. 
o 


+40 1:80 2:20 2-60 
Log count of nitrate culture, 
Fic. 2. 


Growth of (nitrate-trained) Bact. lactis enes in nitrate medium, with discontinuous 
@ration changes. 


24 


Air 


150 200 


Time (minutes), 


of the results would be difficult. [The steady rise in the rate of accumulation during growth is 
particularly noticeable under conditions of comparatively poor aeration (Fig. 1), and itself 
presents an interesting problem. Either the amount of the enzyme system which reduces 
nitrate to nitrite increases during growth or else its efficiency increases, the latter alternative 
being the more likely.] 

The most informative experiment was carried out as follows. A nitrate test medium was 


| 
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inoculated and kept saturated with a stream of nitrogen. When logarithmic growth was well 
established and a small amount of nitrite had accumulated (Fig. 2), the nitrogen was replaced 
by air. Within a short time all the nitrite disappeared and growth stopped completely. It 
did not restart for more than two hours, by which time about 10 mg./1. of nitrite had accumulated. 
Another nitrate medium (inoculated in parallel) which was kept saturated with nitrogen 
throughout behaved quite normally. Thus the sudden increase in the partial pressure of 
oxygen leads to a catastrophic drop in the rates of reduction of nitrate and nitrite. 

In explanation of these results it may be assumed that some cell metabolite, which will be 
denoted XH,, is readily oxidised, either by the oxygen of the air or by other suitable oxidising 
agents, those present competing for the available hydrogen. A fall in the concentration of a 
more powerful oxidising agent will tend to allow an increase in the concentration of XH, to the 
point where the rate of reduction of others becomes appreciable. Thus if the concentration of 
oxygen is reduced, the rate of reduction of nitrate may well increase, as is actually found. 
More than one readily oxidisable metabolite and several enzyme systems may well be involved 

_in the transfer of hydrogen, but these considerations do not fundamentally affect the situation, 
provided that the various systems are in a balanced condition, as they almost certainly are 
during logarithmic growth. 

Fie. 3. 
Growth and nitrite consumption in mixed ammonium sulphate-nitrite medium. 
28 ‘60 


@ Growth curve 
© Concentration of nitrite 


+> 


8 
38 


Log 


Concentration of sodium nitrite (mgm./L.) 


100 150 200 250 300 350° 
Time from inoculation (minutes), 


The upward trend of the rate of nitrate reduction during growth is understandable. When 
the count becomes large the rate of oxygen consumption may exceed the rate of supply to the 
medium by solution of the gas. There will then be a drop in the rate of hydrogen transfer with 
a consequent accumulation of oxidisable metabolites and an increase in nitrate reduction. The 
count which has to be exceeded before this occurs will be higher the more efficient the degree of 
aeration. That this is indeed so is shown in Fig. 1 which gives the rate of nitrate accumulation 
as a function of m for a series of experiments carried out with differing degrees of aeration. 

That the rate of nitrite reduction is not affected in this way by restricted aeration may be 
inferred from the fact that the growth rate, which appears to be determined by the rate of 
nitrite reduction, was the same in all the above experiments. 

Under anaerobic conditions the inhibitory action of nitrite on growth, already referred to, 
becomes much more pronounced. This effect almost certainly accounts for the lower total 
population in nitrate media which are inadequately aerated. An early falling off of the growth 
rate was observed in the enzyme experiments previously described and was accompanied by a 
sharp increase in the rate of nitrate reduction to a value of 200—250. The oxidisable metabolites 
apparently begin to accumulate rapidly as the nitrite inhibition depresses the growth rate. 
Sometimes there is a subsequent fall in the rate of nitrate reduction, due presumably to 
exhaustion of the reserves of oxidisable metabolites. Under highly aerobic conditions 
(cf. Part I, Fig. 3) high concentrations of nitrite do not accumulate and logarithmic growth is 
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brought to an end by a drop in the rate of nitrate reduction, caused presumably by the failure 
of the supply of oxidisable metabolites. 

High concentrations of nitrite were found to reduce the growth rate in ammonium sulphate 
as well as in the nitrite medium itself. When, in a nitrate medium, the reduction in the growth 
rate by the accumulation of nitrite occurs there is a sharp rise in the rate of nitrate reduction. 
This suggests that just as growth is stopping the oxidisable compounds postulated above are, as 
it were, thrown on the market and give the extra burst of nitrate reduction. 

If we postulate the scheme given below, the interpretation of various results can be 
summarised as follows : 

(a) Lack of oxygen leads to enhanced reduction of nitrate since [XH,] rises. 

(6) Inhibition of growth by excess nitrite lowers the rate at which XH, is removed by 
process (3) and increases [XH,] : hence the rate of reduction of nitrate rises. 

(c) With a plentiful supply of oxygen accumulation of toxic products interferes first with 
(1) and this leads to a drop in [XH,] and thus in rate of nitrate reduction. 

This scheme is considered further in Section 4. 


Carbon source, O, 
é.g., glucose Nb, breduced 


NO; 
-H, 
XH, 


(3) 


(1), (2), and (3) may be sequences of processes. 


Fic. 4. 
Effect of addition of ammonium sulphate on the removal of nitrite from a growing nitrite culture. 
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(3) Influence of Ammonia on the Reduction of Nitrite and Nitrate by Bact. lactis aerogenes.— 
The addition of ammonia to a medium inoculated with the normal strain of Bact. lactis aerogenes 
leads to an almost complete inhibition of nitrite removal, which does not restart until the 
amount of ammonia remaining is negligible. If the addition is made before growth has started, 
little or no nitrite is removed (Fig. 3) : if it occurs subsequently the rate of nitrite removal falls 
rapidly within 10 minutes and eventually reaches zero (Fig. 4). The utilisation of nitrite 
restarts 10—15 minutes after the concentration of ammonia has become quite insignificant. 
The actual amount of ammonia present at this stage was determined indirectly by a separate 
experiment which showed that the amount present 10 minutes after rapid growth has stopped 
corresponds to less than 1 mg./l. of ammonium sulphate (limit of detection). 


Fic. 5. 
Effect of adding ammonium sulphate to actively growing cultuves in the nitrate medium. 
2°8 


/ 


Log cell-count. 


1-2 


0 100 200 300 400 500 
Curve T. No ammonia added. 

Curve I. 100 mgm./L. ammonium sulphate added at time = 0. 

Curve Hl. 60 mgm./L. added at time = 100’. 

Curve W. 30 mgm./L. added at time = 200’. 


Repeated subculture in the nitrate medium does not bring about any detectable change in 
the rate at which the nitrite utilisation is slowed up after the addition, but with the trained 
strain the removal of nitrite restarts while there is still some ammonia present (Fig. 6a). [In 
some experiments the removal of nitrite was again temporarily halted (for about 15—25 minutes) 
just as the last appreciable traces of ammonia disappeared from the medium, a complication 
which is not relevant to the main conclusions.) 

The addition of ammonia to an actively growing nitrate culture likewise causes a rapid fall 
in the rate of nitrate reduction. When all the ammonia has been used up, the growth rate drops 
for a time to zero and subsequently rises again to its optimum value (Fig. 5). 

The time, 6, taken for the growth rate to recover to half its optimum (in nitrate), once 
ammonia utilisation has stopped, is fairly reproducible. Some values obtained are given in 
the Table, which shows that the value of 6 is roughly proportional to the amount of ammonia 
added, provided that the addition is made during the early stages of logarithmic growth. If 
the ammonia is added in the later stages of growth its effect is much less. 


Log (initial A(NH,),SO, 8 Log (initial A 
count). (mg./l.).  (mins.). 6/A (NH,),SO,. count). (mg./l.). (mins.). 6/A (NH,),SO,. 
ca, 0-8 80 200 2-5 1-30 100 240 2-4 
ca. 0-8 80 215 2- 1-43 30 35 1-2 
1-15 60 176 2-9 ca. 1-45 80 80 1-0 
1-22 60 165 2-7 1-50 80 65 0-8 
30 70 2-3 80 45 
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‘ Imperfect aeration reduces the inhibitory action of ammonia on the nitrate reduction 
process, thus allowing a concentration of nitrite to be built up. If, when all the ammonia has 
been used up, there is some nitrite as well as nitrate present in the culture medium, growth in 
the nitrite restarts almost immediately, and within 15 minutes nitrate reduction has returned 
almost to the optimum rate. 

The delayed recovery suggested that, during growth in ammonia, some substance is formed 
which inhibits the reduction of nitrate to nitrite. If this were so, dilution of the culture by 
inoculation into a new medium once all the ammonia has been removed should reduce the 
length of the recovery period. A series of nitrate media were therefore inoculated at intervals 
from a parent nitrate culture to which ammonia had been added and the lags in these media 
determined. In every case, the lag was less than 30 minutes, whereas the length of the recovery 
period in the parent medium was about 200 minutes. Thus dilution of the growth medium had 
in fact enabled the nitrate-reduction process to recover to its optimum rate in a much shorter 
time. It was relevant to find out what effect filtrate from cells grown in ammonium sulphate 
has upon cells growing in nitrate. Definite evidence on this point proved difficult to obtain 
since there was usually still some ammonia remaining in the filtrate. In one or two experiments 
addition of filtrate did have a greater retarding effect than could reasonably be accounted for by 
the residual ammonia, but in most other experiments the result was inconclusive. Addition of 
filtrate containing no ammonia did not cause a definite arrest, but merely a slight slowing down 
of growth. 

The inhibitory substance formed during growth in ammonia, when added in the form of 
filtrate, can apparently be removed very rapidly during growth in nitrate. This suggests that 
it is a normal metabolite used during growth in both nitrate and ammonia. _ 

Experiments with a nitrate-trained strain of Bact. lactis aerogenes gave results essentially 
similar to the above, though the process of recovery after the period of arrest exhibited some 
additional complications. Three media containing the following nitrogen sources, were 
inoculated with a nitrate-trained strain: (i) 1000 mg./l. of sodium nitrate; (ii) 50 mg./l. of 
sodium nitrite; (iii) 1000 mg./l. of sodium nitrate and 50 mg./l. of sodium nitrite. 

Once logarithmic growth had definitely started, 100 mg./l. of ammonium sulphate was 
added to each medium and growth followed; the concentration of nitrite present in the last 
two media was also determined at intervals. The results are shown in Fig. 6. In medium (iii) 
the concentration of nitrite began to fall about 10 minutes after the ammonia had been added, 
showing that the production of nitrite was slower than its rate of removal [curve III (BC)). 
The nitrite concentration finally became steady (CD) : during the corresponding period of time 
(C’D’), the concentration of nitrite in medium (ii) was also stationary. Hence the reduction of 
both nitrite and nitrate had ceased. At point D removal of nitrite started again, but from E to 
F the nitrite concentration was once more stationary. The same happened in medium (ii) 
showing that nitrite removal is temporarily stopped, whilst the rate of nitrate reduction is still 
very low. Rapid logarithmic growth in the ammonia ceased just after the point E. At point F 
growth restarted, with consequent removal of nitrite, and the rate of nitrate reduction slowly 
increased so that the concentration of nitrite reached an almost steady value (HJ) until the end 
of logarithmic growth. Here again the substance which inhibits the nitrate reduction process 

seems to be removed very rapidly during growth in nitrite. 

To recapitulate the essential facts: growth in ammonia inhibits nitrate and nitrite reduction. 
When the ammonia is used up, the reduction processes begin again, but only after a period of 
recovery, longer for nitrate. The delayed recovery seems to be due to an inhibitor which is 
removed during subsequent growth. The recovery process may show certain other complexities, 
not investigated further at the moment. 

(4) Discusston.—The facts described in Section 3 may now be brought into relation with 
those of Section 2. 

We have seen that the reduction of nitrate and of nitrite by the organisms studied in these 
experiments appears to be closely linked with the normal dehydrogenase activity of the cell.- In | 
the simplest and most general form this idea is expressed by the diagram in Section 2. 

XH, is formed from the carbon source, and, in the ordinary course of aerobic growth is 
oxidised (directly or indirectly) by molecular oxygen. This skeleton scheme, which represents 
in essentials the kinetics of a great many detailed possibilities, leads to some interesting results. 

The ratio of [X] to [XH,] will be determined by the oxidation—-reduction balance prevailing 
in the cell. It will express the oxidation-reduction balance which other conditions impose, and 
it will actually determine the possibility of the occurrence of specified oxidations or reductions 
while these conditions exist. 


: 
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If we were dealing with reversible redox equilibria, there would be an oxidising potential 
proportional to In[X]/[XH,] (or to an analogous expression). Even when there is not true 
reversibility the oxidation—-reduction relationships will show a general parallelism to that 
indicated by the hypothetical redox potential. It will be convenient in the following discussion 


Fic. 6. 
Effect of added ammonium sulphate on the nitrate and nitrite reduction processes of a 
nitrate-trained strain. 
a) Effect on nitrite consumption. Medium (ii), nitrite only, inoculated at t = 0: 100 mg./I. of ammonium 
at t = 145 (about 100 minutes start of oath. 
(b) Effect on nitrate reduction. Medium (i), nitrate only, with ammonium sulphate addition. Medium 
(iii), nitrate plus nitrite. Ammonium sulphate added as in (a). 
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a) Curve I, nitrite concentration. Curve II, growth curve in medium (it). 
Curve III, nitrite concentration in medium (iii). Curve IV, nitrite concentration calculated on 
assumption that no nitrite is formed from nitrate. Curve V, growth curve in medium (iii). Curve VI, 
curve in medium (i) for comparison (ammonium sulphate added at t = 0) 


to speak in terms of the redox potential which would express the prevailing condition in the cell : 
but this will not have any direct implication about measurable electrochemical magnitudes. 

In normal aerobic growth of Bact. lactis aerogenes with ammonium salts as a source of nitrogen 
we know that, in the above sense, conditions correspond to a relatively high (oxidising) potential. 
This is shown by the experimental fact that lack of aeration impedes growth and causes a sharp 
reduction in the final bacterial population (Lodge and Hinshelwood, J., 1943, 208). Thus we 
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may infer that the ratio [X]/[XH,] for the steady state prevailing during logarithmic growth in 
ammonia is high, and in these conditions nitrate and nitrite cannot be reduced. This is the 
plain interpretation of the fact that growth in ammonia inhibits the reduction of nitrate and the 
utilisation of nitrite. 

When ammonia is not being utilised, but the dehydrogenation mechanisms continue, [XH,] 
increases and the potential becomes more reducing until reduction of nitrate and nitrite becomes 
possible once more. In these terms the inhibition of nitrate and nitrite utilisation by ammonia 
and the subsequent recovery are generally understandable. The recovery process itself is 
further discussed below. 

The [X]/[XH,] ratio which is optimal for the reducing stage of nitrate utilisation is not 
compatible with that which is optimal for ammonia utilisation. If ammonia is an intermediate 
in the further reduction of nitrite then a compromise must be established. A steady state must 
be set up in logarithmic growth such that the rate of formation of ammonia is equal to its rate of 
consumption. Here the concentration of the ammonia would have to be low but finite: if it 
rose higher it would inhibit nitrate reduction; if it dropped lower it would be insufficient to 
maintain the steady growth rate. This condition is not compatible with optimum growth in 
ammonia, and we find that the mean generation time is about 50 minutes for Bact. lactis aerogenes 
in nitrate, compared with 33 minutes for the same strain in an ammonium salt medium. 
(Ammonia itself may not in fact be an intermediate in nitrite utilisation, and indeed the oxidising 
potential required for growth in ammonia may indicate that oxidation occurs to a step 
intermediate between ammonia and nitrite. This matter is further considered in Part III, 
following paper.) 

When cultures are well aerated, the re-oxidation of XH, is easy and the reducing potential 
drops, so that the reduction of nitrate and nitrite occurs less readily than in the poorly aerated 
cultures. Restriction of the oxygen supply lowers the redox potential and has two linked 
effects—nitrate reduction is enhanced, but ammonia utilisation is impaired. This corresponds 
to the experimental facts set forth and discussed in Section 2. 

Another curious observation, described in Part I, probably finds its explanation in similar 
terms. Training of Bact. coli by serial subculture in a glucose-ammonium sulphate medium 
confers training to nitrate. Now it is known that there is a rather close parallelism between 
dehydrogenase activity and the growth of the coliform organisms in these media. The training 
process develops the dehydrogenases, and with their increased efficiency the concentration of 
XH, required for the reduction of nitrate is more readily built up. Hence the training to 
utilise nitrate. 

Although it is not directly connected with the experimental work of this paper, another 
important phenomenon may be mentioned here, because ‘it can very probably be interpreted in 
terms of an almost exactly analogous kinetic scheme. This is the Pasteur effect, in which 
aerobic growth with cell oxidation inhibits the competing process of fermentative breakdown. 

It was mentioned above that recovery from the inhibition of nitrate and nitrite utilisation 
caused by addition of ammonia does not occur immediately the ammonia is used up, but sets in 
gradually, and at a rate which is a rather complex function of the conditions. There is in general 
a sort of induction period during which growth at the expense of nitrate or nitrite is resumed in 
an autocatalytic, and at first extremely slow, manner. The nitrite-utilising function recovers 
before the nitrate-reducing function. One might, at first sight, have expected a rapid change 
_in the [X]/[XH,] ratio on addition of the ammonia, and a correspondingly rapid shift when the 
ammonia is used up, the transitory equilibrium values of the various intermediate concentrations 
of the reaction sequence being established with considerable rapidity. The effect of ammonia, 
on addition, does in fact declare itself fairly rapidly, but the re-establishment of the original 
state after removal of the ammonia is slow. This means clearly that during the growth in 
ammonia there is built up a reserve of substance which buffers the oxidising potential to a value 
unsuitable for nitrite or nitrate reduction. Only as this substance is removed in the course of 
further cell growth can the potential drop successively to the values required for reduction of 
nitrite and nitrate respectively. Since actual growth is required for the removal, the long 
autocatalytic period is easily understandable. The above interpretation also explains why the 
recovery is facilitated by dilution of the culture, why it takes longer, other things being equal, 
in proportion to the integral amount of chemical action (f{ndf) which has occurred in presence of 
ammonia, and, possibly, why it is subject to other more complex influences in the later stages 
of growth. 

PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, June 5th, 1947.} 
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67. The Growth of Coliform Bacteria in Media containing Nitrate and 
Nitrite. Part III. The Later Stages of Reduction of Nitrite. 
By P. R. Lewis and C. N. HInsHELWoop. 


During growth of Bact. lactis aerogenes in phosphate-glucose media containing nitrate the 
steady concentration of ammonia formed is about 1 mg./l., which is of the order to be expected 
(from the quantitative relations of various growth cota if the nitrogen utilisation occurs by way 
of ammonia. The results are, however, not numerically precise enough to provide positive 
evidence for this view. 

High concentrations of nitrite inhibit growth, but the action is not due to a reversal of nitrite 
reduction or to simple competition between nitrite and ammonia for sites on enzyme surfaces. 

Hydroxylamine at quite low concentrations (from about 4 mg./l.) also inhibits growth, and 
if it is an intermediate in nitrite reduction cannot accumulate in amounts greater than a few 
parts per million. There is no direct proof but a little indirect evidence for its formation in 
very small quantities. Its inhibitory action is transient in that it is converted into another 
compound which, however, is neither nitrite nor ammonia. 


(1) Introduction.—Nitrate is reduced to nitrite by the coliform bacteria used in these experiments 
(Parts I and II, previous papers), the accumulation and subsequent disappearance of nitrite 
being easily measurable. 

The utilisation of nitrite by the cells almost certainly depends upon its further reduction, 
possibly by way of hydroxylamine to ammonia. Experiments have therefore been made with 
the object of obtaining evidence bearing upon the later stages of the reduction. 

The formation of ammonia as an intermediate, though likely enough on purely chemical 
grounds, is by no means necessary. Efficient utilisation of ammonium salts by coliform 
bacteria is dependent upon adequate aeration. The possibility of an initial oxidation of 
ammonia must therefore be taken into account, and the following two routes considered : 


NO,’ —> NO,’ —> NH,-OH —> NH, —>synthesis 


NH; 
NO, 


The common intermediate might or might not be hydroxylamine. Hydroxylamine has been 
suggested as the member of the nitrate reduction series which combines with substances of the 
glycolysis cycle to give amino-acids. Thus Nord and Mull (Adv. Enzymology, 1945, 5, 165) have 
postulated that, with Fusaria, hydroxylamine, formed by the reduction of nitrite, combines with 
pyruvic acid to give the oxime, which is further reduced to alanine.* 

(2) Experimental Methods.—These were in general as described in Part I, except that micro- 
determinations of ammonia and of hydroxylamine were required. The method adopted for the former 
was that described by Conway and O’Malley (Biochem. J., 1942, 36,655). This involves micro-distillation 
in special shallow dishes divided into two compartments. Approximately 1 ml. of a borate buffer 
containing screened indicator (a mixture of bromocresol-green and methyl-red) is pipetted into the inner 
compartment, and a 1 ml. or 2 ml. of test sample into the outer; 1 ml. of a saturated solution of 
potassium metaborate is then added, the lid of the dish adjusted, and the closed unit rocked gently to 
mix the sample and the alkali. The distillation of the ammonia into the inner compartment is 99 
complete within 2—4 hours, but samples were normally left overnight. The units are then opened 
titrated with n/70-sulphuric acid, added from a calibrated microburette to the inner compartment, until 
the indicator shows a faint pink tinge. 

Numerous controls and duplicate experiments are carried out. After use the units are washed 
110°; no alkali or acid is used 

‘or washing. 

It was unt possible to determine about 5 mg./l. of ammonium sulphate with 10% accuracy. With 
higher concentrations the accuracy was proportionately better, the probable error in most determinations 
being about + 2%. By taking numerous samples, concentrations down to 1—0-5 mg./l. could be 
determined though not with accuracy. 

The only practicable method for the determination of hydroxylamine was that based upon oxidation 
by n/10-iodine in glacial acetic acid to nitrite which was then determined by the method described in 


* It has also been shown that in plants a little hydroxylamine is present during utilisation of nitrates, 
and that under physiological conditions it will react with various ketonic compounds to give oximes—the 
reaction with oxalacetic acid being especially rapid. This leads, after reduction, to aspartic acid, the 
principal free amino-acid found in plants if there is an adequate supply of a nitrogen source (Virtanen 
and Laine, Nature, 1938, 141, 748). 
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Part I, after removal of excess of iodine by N/10-sodium thiosulphate. Even this method was not, 
quantitatively, wholly satisfactory. 


(3) Ammonia Formation during Growth in Nitrite—The first matter to be investigated was 
the formation of ammonia in the nitrate or nitrite media. 

The following series of experiments were made. First, determinations were made by 
Conway’s method of the concentration of ammonia prevailing at various stages during the 
growth of Bact. lactis aerogenes in the standard nitrate and nitrite media (Parts I and II). The 
amounts found, although detectable, were too small to be measurable with much precision, 
being of the order of 1 part per million of the medium, orless. Some typical results are recorded 
in Table I. 


TaBLeE I. 
pH. Cell count. mg. /l. pH. Cell count. mg. /l. 
5-52 80 0-0—0-4 6-80 50 0-0—0-3 
5-35 110 0-1—0-8 6-72 105 0-3—1-2 
5-50 50 0-0—0-6 6-60 200 0-3—1-2 
5-40 60 0-1—0:5 6-40 390 0-2—1-0 


If the sequence is: nitrate —-> nitrite —-> ammonia ——> synthetic reactions, then in the 
steady state the rate of production of ammonia will equal its rate of utilisation. Now the 
optimum overall growth rate in nitrite corresponds to a mean generation time of 50 minutes; 
the optimum growth rate in an ammonium salt medium corresponds to one of 33 minutes. If 
ammonia production and consumption are just balanced, it would follow that at a steady 
concentration of 1 part per million the mean generation time in this medium should have fallen 
to about 50 minutes. The relation between ammonia concentration and rate has not hitherto 
been determined, the only available results showing that the fall from the optimum does not 
occur until the concentration drops to a very small value. Experiments were made to determine 
the ammonia concentration at which the mean generation time would rise to 50 minutes, the 
method used being that of Dagley and Hinshelwood (jJ., 1938, 1930). The value proved to be 
extremely low, once again of the order of 1 part per million, and it could not be determined 
more accurately (Table IT). 


TABLE II. 
Concentration of ammonium salts necessary to maintain a growth rate of 2/3 optimal under various 
conditions of pH. 

pH. ((NH,),SO,] (mg./1.). pH. ((NH,)sSO,] (mg. /1.). 

6-9 ca. 06 5-5 <0-5 

6-9 <10 55 ca. 1-2 

6-1 ca. 1-2 5-5 <15 

6-1 <0-7 5-5 ca. 0-5—1-5 (or less) 


It may be said, therefore, that the results are compatible with the view that the rate of 
production of ammonia balances the rate at which it could be independently consumed at the 
steady concentration prevailing during growth in nitrate, but that at such low concentrations 
the measurements cannot be made accurately enough to provide positive proof of this view. 

(4) Inhibition of Growth by Nitrite —Sodium nitrite at concentrations from 100 to 1000 mg./1. 
has an increasing inhibitory effect upon the growth rate, whether in nitrite alone or with ammonia 
as an alternative nitrogen source (Table III). In this range of concentrations the nitrite has no 
effect on the lag or on the total population. (At higher concentrations there is a catastrophic 
drop in the latter from the normal value of about 1000 to 10, reached at 2 g./1.) 


TaBLeE III. 
Inhibitory action of sodium nitrite. 
' Mean generation time (mins.). Mean generation time (mins.). 
Concn. of Ammonium salt Nitrate Concn. of Ammonium salt Nitrate 
nitrite, g. /l. medium. medium. nitrite, g./l. medium. medium. 
0 32 52 0-6 52 _ 
0-1 35 54 0-8 64 80 
0-2 36 55 1-0 —_ 95 
0-4 42 64 


The fact that nitrite reduces the growth-rate in ammonia is suggestive, for it is the converse 
of the effect whereby the reduction of nitrite at low concentrations is inhibited by the presence of 
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ammonia. At first sight these two effects might seem to be alternative manifestations of some 
general phenomenon, such as competition between nitrite and ammonia for sites on the same 
enzyme surface. Conversion of ammonia into protein presumably occurs at some surface upon 
which ammonia is adsorbed, possibly in the form of an active radical such as > NH which then 
combines with various ‘‘ carbon fragments”. The sites which adsorb ammonia might also 
adsorb nitrite ions which are then reduced to the same intermediate radical as is formed by 
oxidation of ammonia. Addition of ammonia to a growing nitrite culture could then cause a 
decrease in the rate of nitrite utilisation, and conversely the addition of excess of nitrite could 
reduce the rate of ammonia utilisation. Excess of nitrite slows down its own reduction and 
utilisation, so that at high concentrations it would have to displace the > NH radicals from the 
surface where they were formed before they could be used in synthesis. These displaced 
radicals would presumably form ammonia, detectable amounts of which should therefore 
accumulate during growth in high concentration of nitrite. Experiments were made to test for 
such accumulation, but none could be detected. The competition hypothesis is therefore 
untenable, at least in its simple form. 


Delay produced in actively growing cultures by addition of hydroxylamine. 


At, minutes. 


0 5 10 15 20 
Concn. of added hydroxylamine hydrochloride, mgm/l. 
circles—ammontum hate media. 
Brack circles—nitrate 

(The final slopes of the lines are not comparable since the initial counts were different in the two sets of 
experiment.) 

A second possibility is that the enzyme which brings about the reduction of nitrate to nitrite 
also catalyses the reverse reaction. Sufficiently high concentrations of nitrite might then tend 
to set up a reducing potential within the cell, and so impair growth. If nitrite does in fact act 
in this way, its inhibitory effect should be reversed by high concentrations of nitrate. An 
experimental test was made. Under aerobic conditions even a five-fold excess of nitrate did not 
effect the growth rate, and under anaerobic conditions nitrate had a slight beneficial effect. 

The balance of evidence is therefore against the view that the inhibitory action of nitrite is 
due either to a competition between it and ammonia, or to a change of the redox potential by 
its tendency to act as a reducing agent (though it still seems remarkable that the two 
_ intermediates, nitrite and hydroxylamine, which are easily capable both of oxidation and 
reduction, act as inhibitors at appropriate concentrations, while nitrate and ammonia do not). 
A less elegant and more specific explanation must apparently be sought. In this connection the 
observations of Nord and Mull (Joc. cit.) on Fusaria are of interest. Though potassium nitrite 
is a good source of nitrogen for Fusaria, high concentrations retard growth. Pyruvic acid 
accumulates as a result of inhibition of the enzyme responsible for its decarboxylation. The 
explanation suggested was that nitrous acid reacts with certain amino-groups necessary for 
normal metabolism. An analogous theory applicable to Bact. lactis aerogenes seems worth 
consideration. Inhibition of pyruvate decarboxylation would considerably reduce the efficiency 
of anaerobic glycolysis so that nitrite inhibition should be more pronounced in the absence of 
oxygen; addition of nitrate would supply some oxygen and thereby offset the inhibition. 

(5) The Réle of Hydroxylamine.—Hydroxylamine proved to be a strong inhibitor of growth. 
When media containing hydroxylamine and either nitrate, nitrite, or ammonia are inoculated, 
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there is a long lag, though, once division starts, growth rapidly reaches the optimum rate 
characteristic of the main nitrogen source (Table IV). The addition of hydroxylamine to a 
growing culture causes an immediate and complete inhibition which lasts for several hours, and 
is followed by a rapid recovery to the optimal rate. Nitrite removal and nitrate reduction are 


completely stopped. 
TaBLe IV. 
Variation of lag of washed cells with concentration of hydroxylamine initially present. 
Concentration (c) of NH,-OH,HC1 Lag, L 
(mg. /1.). (mins.). (L — 64) /c. 
10 152 8-8 
16 210 9-1 
24 265 8-4 
40 417 8-9 
60 590 8-8 


Analysis showed that during this period of inhibition hydroxylamine slowly disappears from 
the medium, and that when growth restarts the residual concentration is low, though sometimes 
detectable. The length of the arrest is roughly proportional to the amount of hydroxylamine 
added and is less for ammonium sulphate than for nitrate or nitrite. During the arrest 
hydroxylamine is therefore presumably being removed at a constant rate. The rate of removal 
is not, however, directly proportional to the cell count. The actual relation (Table V) can be 
explained by assuming that under the experimental conditions the hydroxylamine is not only 
removed by the cells but also reacts slowly with the glucose to give a non-toxic oxime, the rate 
of this reaction being independent of cell count. If hydroxylamine is added to a complete 
medium some considerable time before inoculation, the lag produced is in fact shortened. 


TABLE V. 


Dependence of length of arrest upon cell count. 
(Concentration of hydroxylamine hydrochloride added was 40 mg. /1.). 


Cell Arrest Arrest x cell Cell Arrest Arrest x cell 

count. (mins.). count x 10°. count. (mins.). count x 10°. 
61 200 12-2 27 360 9-7 
47 260 12-2 20 400 8-0 
46 280 12-9 15 460 6-9 
41 310 12-7 6 900 5-4 


If the only process by which hydroxylamine can be removed were that involving the bacteria, 
the figures in the last column should be constant. The progressive falling off below a count of 
40 shows that hydroxylamine is being removed by some other process which is not dependent 
upon the cells. 

The three most likely ways in which the hydroxylamine could be metabolised by the cells are 
(i) reduction to ammonia, (ii) oxidation to nitrite, (iii) condensation with some carbonyl 
compound to give an oxime. The reduction to ammonia was first investigated in some detail. 

In the first experiments about 40 mg./l. of hydroxylamine hydrochloride was added to a 
growing culture containing a small amount of ammonia, the concentration of which was 
determined at intervals. During the period of inhibition the ammonia concentration remained. 
unchanged: when rapid growth restarted the ammonia disappeared, the increase in bacterial 
mass being equal to that calculated on the assumption that only the ammonia had been utilised. 
During the next 24 hours there was a further very gradual increase in bacterial mass, presumably 
owing to a slow utilisation of the compound formed from the hydroxylamine, the bulk of the 
latter being sorhetimes eventually utilised for nitrogen synthesis (Table V1). 


TaBLe VI. 
The utilisation of hydroxylamine as a nitrogen source. 
Washed cells used for inoculum. Am of 1-5 is approximately equivalent to 1 mg./l. NH,-OH,HC1l. 


Conc. of Count after Percentage 
NH,°OH,HCI (mg. /1.). Initial count. 3 days. An. utilisation. 

20 45 68 23 80 

40 42 83 41 70 

40 45 58 13 22 

50 37 - 89 52 70 

60 45 83 38 44 

80 21 48 27 23 
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In another experiment a medium containing hydroxylamine as the sole nitrogen source was 
inoculated with washed cells. No appreciable amounts of ammonia or of nitrite could be 
detected at any stage, and growth was very slow, the mean generation time being about 
1000 minutes. Several experiments of this type were carried out and the percentage of 
hydroxylamine finally utilised was calculated; it varied between 50 and 100%, being highest 
for low initial concentrations. 

The results of all these experiments suggest that the bacteria convert hydroxylamine into 
some non-toxic compound which can be utilised as a nitrogen source, but only at a slow rate : 
this compound is neither nitrite nor ammonia, and may be an oxime formed by condensation 
with some ketonic intermediate of the glycolysis cycle. 

These conclusions do not rule out hydroxylamine as a normal intermediate in the utilisation 
of either nitrite or ammonia. It does, however, follow that the concentration obtained in the 
steady state cannot exceed the very small value at which the inhibitory action would become 
evident. Special experiments were made to determine the threshold of this action, and it 
appeared that up to about 1°5—2 mg./l. would be possible as a steady concentration during 
growth in nitrate. The analytical method, however, is not sensitive enough to show whether 
any is in fact present. 

The following observations yield some indirect evidence on this. The time required to 
attain a given bacterial count was determined for a series of cultures in the nitrate and in the 
ammonia medium with additions of various small amounts of hydroxylamine. The delay, 
AT, relative to a control experiment, was plotted against the concentration, with the results 
shown in the figure. For the ammonia medium there is a much less than linear rise up to about 
4 mg./1. of hydroxylamine hydrochloride, showing that small amounts can be in fact be tolerated. 
For the nitrate media the effect is reversed, small amounts producing a proportionately greater 
inhibition. There is no sign of the initial tolerance as found for the ammonia medium, and this 
suggests, though it does not prove, that in nitrate-growth hydroxylamine may already be 
present up to the limit of what is supportable without inhibition. 
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468. The Growth of Coliform Bacteria in Media containing Nitrate and 
Nitrite. Part IV. Some Biochemical Considerations. 
By P. R. Lews. 


The observations contained in Parts I—III (previous papers) are brought into relation with 
certain biochemical considerations. 


Tue hypothesis put forward in Part II (this vol., p. 833) is entirely general in character, and in 
this form explains quite satisfactorily many of the observations recorded. Some amplification 
of this theory, particularly as regards the possible identity of XH,, seems of interest in view of 
the large amount of biochemical research which has been carried out on glucose metabolism 
and on the mechanism of enzymic dehydrogenations. In this paper, therefore, there is set out 
very briefly a possible extension of the more general theory, though a detailed discussion of it 
would occupy too much space. What follows is somewhat speculative, and the rejection of the 
specific identifications would in no way affect the correctness of the more general theory. 

A great deal of the work on the path by which glucose is metabolised has been carried out with 
tissue slices (of animal origin), and not with bacteria, but the methods used by most living cells 
bear a close similarity to one another. Thus, it is probable that glucose is converted into 
pyruvic acid (or to a phosphorylated derivative), which can be utilised by (i) reduction to lactic 
acid, (ii) decarboxylation to acetaldehyde which can then give products such as ethyl alcohol, 
(iii) combination with carbon dioxide to oxalacetic acid, which can then undergo a series of 
reversible reactions giving successively malic acid, fumaric acid, and succinic acid (Table I). 

cycle whereby pyruvic acid can be degraded to carbon dioxide and water (provided oxygen 
present to take up the hydrogen made available). ieivatiinia Maaeneatinteamnemate 
‘* four-carbon acid cycle’ (abbreviated to C, acid cycle), and a possible form of it is given in 
Table II. The existence of this cycle in bacteria has not been proved and has actually been 
denied. But some such system for the conversion of glucose into carbon dioxide and water 
must exist and probably does not differ in essentials from that given in Table II. 
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TABLE I. 


H, 


+2H 


CH,CO-CO,H —————-> CH,CHO + CO, ——>» CH,-CH,-OH 


[+38 


CH,‘CH(OH)-CO,H 


Glucose 


<------- 


TABLE II. 
H(OH)-CO,H -CO,H 
- 2H = co, 
H-CO,H H-CO,H ———>_ 
H,’CO,H H,°CO,H H,°CO,H 
t+1,0 
H-CO,H 
CO, Total reaction of this cycle is : = 20. 
CH,°CO’CO 3H,O 3CO, 10(H). +H,O 
H,CO,H H; 2H + 3H,O —>3CO, + 10(H) 
CH,CO-CO,H 
(pyruvic acid) we Y 


H,CO,H CH,°CO,H CHCO,H ~7 CH,CO,H 


The primary reactions involved in the utilisation of ammonia by bacteria have not been 
definitely discovered, but several have been postulated and involve combination of ammonia or 
hydroxylamine with either pyruvic, fumaric, or oxalacetic acid; these three acids are in enzymic 
equilibrium with each other, and, for the present purpose, oxalacetic acid can be regarded as the 
acid needed for the utilisation of the nitrogen source. There is considerable evidence for the 
view that keto-acids are needed for the formation of the corresponding amino-acid residues; 
both alanine and aspartic acid are present in large quantities in bacterial protein, so that, 
during growth, large amounts of the corresponding keto-acids, pyruvic and oxalacetic, will be 
removed at a rate approximately proportional to the growth rate. If all the various reactions 
given above are brought together in one scheme as is done in Table III (in abbreviated form) it 
is obvious that this scheme bears a very close resemblance to the more general one put forward 
in Part II. 

The mechanism of dehydrogenations is now fairly well known. The oxidisable substrate is 
adsorbed on the enzyme surface and the hydrogen is transferred to an appropriate co-enzyme. 
These co-enzymes are easily reducible compounds which act as carriers of hydrogen between the 
various enzymes. The two commonest carriers are the closely related co-enzymes I and II, 
and either one or other of these is involved in most,-if not all, of the reactions represented in 
Table III. The fact that there are two carriers involved complicates the picture somewhat, but 
it is justifiable for the purposes of a kinetic discussion to assume that only one carrier is 
concerned, in which case all the available hydrogen released in the oxidations of the C,-acid 
cycle goes into’one ‘‘ hydrogen pool ’”’ from which it is then passed on to molecular oxygen via a 
series of other hydrogen carriers (flavo-proteins and cytochromes). The substances X and 
XH, introduced in the general scheme may therefore well be the oxidised and reduced forms of 
the co-enzyme. X is converted into XH, by the various reactions of the glycolysis cycle, and 
X is re-formed by the handing on of the available hydrogen either to molecular oxygen or to 
some other reducible substance such as nitrate or nitrite. Obviously, if oxygen is able to take 
up all the available hydrogen formed, the ratio XH,/X will be kept very low, and the rates of 
nitrate and nitrite reductions will be very small. If oxygen is not able to remove all the 
hydrogen, the ratio XH,/X will rise until the rates of other reductions are high enough to 
maintain hydrogen balance. 

Thus, from a synthesis of kinetic and biochemical data, we arrive at the scheme given in 
Table III, which provides a suggestive picture of part of the internal working of bacteria. The 
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TaBte III. 
Glucose 
> KGA 
The 10(H) liberated 
>— Co- 
en el or II. 
+00, 
PA 7” OAAS SA 
+ 2H 
> protein 
Y —> synthesis 
EtOH 
LA 


LA = lactic acid. 


idea of a ‘“‘ hydrogen pool ”’ explains very neatly the effects of eration on the rate of nitrate and 
nitrite reduction and also the fact that, in the absence of oxygen, lactic acid and ethyl alcohol 
are formed in much larger quantities. When ammonia is added to a growing nitrate culture, 
the growth rate increases, oxalacetic and pyruvic acids therefore disappear more rapidly leaving 
less to be metabolised by the C,-acid cycle, less hydrogen becomes available, and, if it becomes 
less than can be taken up by the oxygen, reduction of nitrate will cease. 
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169. The Mechanism of Indole Formation from Phenacylarylamines. 
Part II. The Stability and Reactions of Phenacyl-N-alkylarylamines. 


By Frep Brown and FREDERICK G. MANN. 


A detailed study has been made of the conditions under which the phenacyl derivatives of 
N-alkylanilines undergo conversion into indoles. It is shown that a phenacylarylamine of 
NRPh:CH,’COPh, where R is an alkyl group, has considerable stability when pure, but w 
boiled with alcoholic zinc chloride gives a 3-aryl-l-alkylindole, when fused with zinc chloride 
gives a 2 (or 3)-aryl-l-alkylindole, and when boiled with the amine NHRPh in the presence 
of acids gives a mixture of 2-arylindole and 2 (or 3)-aryl-l-alkylindole. The origin of the 
3-aryl-l-alkylindoles and the 2-arylindoles is elucidated: the mechanism by which 2-aryl-1- 
alkylindoles are formed is Narn cH, similar to that by which 2-arylindoles arise from 

aa of type Ph-CH,’COPh. The study of the latter reaction is reserved 
or Ill 


In Part I (Crowther, Mann, and Purdie, J., 1943, 58) a considerable volume of experimental 
evidence concerning the conditions under which phenacylarylamines undergo conversion into 
arylindoles was described, and the possible mechanism of such conversion was discussed. Among 
the numerous points which emerged, the following are the most important. (a) Phenacylaniline, 
NHPh:CH,°COPh, could be distilled unchanged at ca. 20 mm., but underwent decomposition 
when heated at 760 mm.: no indole could be detected among the several products of this 
thermal decomposition. (b) When phenacylaniline was heated to 180° with a minute proportion 
(for example, 0°01 g.-mol.) of aniline hydrobromide or hydriodide, or of many other compounds 
which could produce hydrogen bromide or iodide under these conditions, it underwent rapid 
and smooth conversion into 2-phenylindole. These properties were shown to be general for a 
number of phenacyl primary arylamines. (c) Phenacyl secondary amines were not so readily 
susceptible to this action of acidic catalysis, but when, for example, phenacyl-N-ethylaniline, 
NEtPh:CH,°COPh, was fused with zinc chloride it gave 3-phenyl-l-ethylindole. Only one 
example of the production of a 2-aryl-l-alkylindole was detected: phenacyl-N-methylaniline 
furnished 3-phenyl-l-methylindole when boiled with alcoholic zinc chloride, but 2-phenyl-1- 
ps ta gre when fused with anhydrous zinc chloride. This property appeared to be governed | 

part by the nature of the aryl group, since p-chlorophenacyl-N-methylaniline, 
NMePh-CH,-CO-C,H,Cl, when either boiled with alcoholic zinc chloride or fused with zinc 
chloride gave 3-p-chlorophenyl-l-methylindole. With this one exception of phenacyl-N- 

3K 


PA = pyruvic acid. 

OAA = oxalacetic acid. 

KGA = a-ketoglutaric acid. 

SA = succinic acid. 
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methylaniline, the indolisation of all the phenacyl secondary amines studied gave the corres- 
ponding 3-aryl-l-alkylindoles and appeared therefore to proceed by simple cyclisation 
of their enol forms. In this respect the phenacyl secondary amines differed markedly from the 
phenacyl primary amines. 

Two reaction mechanisms had previously been suggested for the conversion of phenacyl 
primary amines into 2-arylindoles. The first (or isomerisation) theory, originally suggested by 
Fischer and Schmidt (Ber., 1888, 21, 1071, 1811) presumed that phenacylamine (I), in its enol 
form (IA), underwent simple oe to ————ew (II), which then in turn underwent 


HO 
NHPh:CH,COPh 


One 


(IV.) 


isomerisation to 2-phenylindole (III). In Part I, however, it was shown that many 3-arylindoles 
are unaffected by the conditions which produce 2-arylindoles from the corresponding 

phenacylamines, and that they cannot therefore be intermediate compounds in this process. 
The second (or diamine) theory was put forward by Bischler (Ber., 1892, 25, 2868) who 
prepared the 2-arylindoles by boiling the corresponding phenacyl bromide with excess of aniline 
without isolating the intermediate phenacylamine. He presumed that this phenacylamine in 
its enol form (IA) condensed with a second molecule of aniline to give the diamine (IV), which 
then underwent cyclisation by loss of the initial aniline residue, the corresponding 2-arylindole 
being thus produced. Bischler supported this theory by showing, for instance, that 
phenacylaniline (I) when boiled with p-toluidine (10 mols.) furnished 2-phenyl-5-methylindole. 
In Part I, however, it was shown that aniline condenses with pure phenacylaniline to give 
the triamine, NN-di-(2-phenylamino-l-phenylvinyl)aniline (V), and no 


NHPh:CH: te diamine of Bischler’s type could be isolated from phenacyl] primary amines. 
NHPh-CH:CPh Furthermore, phenacylaniline (I), when boiled with excess of, for example, 
(v.) pure o-toluidine (VI), undergoes a slow double decomposition with the 


formation of phenacyl-o-toluidine (VII) and aniline. The two phenacy]l- 
amines undergo no further change under these conditions. If, however, a trace of acid is present, 
the phenacylamines undergo the usual catalysed indolisation, and the indole formed in greater 


Ph:NH-CH,'COPh + o-C,H,Me‘NH, 0-C,H,Me-NH-CH,-COPh + Ph-NH, 
(VI.) (VIL) 


proportion (2-phenylindole or 2-phenyl-7-methylindole) will depend on the excess of o-toluidine 
in the original mixture and on the time of heating. These double decompositions therefore 
invalidate Bischler’s deductions. 

Neither the isomerisation nor the diamine theory explains the necessity for the presence of 
traces of acid. 

To explain both the formation of 2-phenylindole and the réle of the acid during indolisation 
of phenacylaniline, Crowther, Mann, and Purdie (/oc. cit.) tentatively suggested a mechanism by 
which a phenacy] ion attached itself to the ortho-carbon atom of an aniline molecule : loss of a 
hydrogen atom as a proton then gave phenyl o-aminobenzyl ketone which was known to cyclise 
readily to 2-phenylindole. 

We have investigated this problem further in order to elucidate more completely the 
mechanism of the various reactions involved. For this purpose our work has fallen into two 
main sections. In the first section (described in this Part), we have re-investigated the 
indolisation of phenacyl secondary amines in order to determine in what circumstances a 
compound of type NRPh-CH,°CO-C,H,R’(p) would undergo indolisation to a 3-aryl-l-alkylindole 
and/or a 2-aryl-l-alkylindole, and, in the latter case, to what extent the production of the 
2-aryl-1l-alkylindole rather than its 3-aryl isomer was determined by the alkyl group R and by 
the p-substituent R’. Furthermore, it was necessary to know, when a 2-aryl-l-alkylindole was 
formed, whether the mechanism of this reaction was essentially the same as that by which 


a 
a 
I 
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2-arylindoles are formed from phenacyl primary amines. The origin of a number of significant 
by-products also required investigation. 

Our second section (described in Part III) has been devoted to a further study, on rather 
different lines from those adopted in Part I, of the main problem, namely the indolisation of 
phenacyl primary amines to 2-arylindoles, a reaction which is clearly the most fundamentally 
important of all those arising in this investigation. In this second section, we had been interested 
in the evidence recorded in a brief note by McGeoch and Stevens (J., 1935, 1032) that the bromo- 


Ph-CH,-CHBr-COPh —> NHPh-CH(CH,Ph)-COPh + NHPh:CHPh-CO-CH,Ph 
(VIII.) (IX.) (X.) 


ketone (VIII) when heated with 2 mols. of aniline at 60° for 4 days gave a mixture of isomeric 
anilides, namely the yellow 1l-benzylphenacylaniline (IX), m. p. 106°, and the colourless 
a-anilinodibenzyl ketone (X), m. p. 125°. This implied that under suitable conditions phenacyl 
primary amines might be interconvertible: if these conditions obtained in our experiments an 
entirely new light would be thrown on the mechanism of these reactions, since isomerisation of 
our phenacylamines might precede indolisation and thus determine the ultimate position of the 
aryl group in the final indole. 

The greater part of our work on these subjects had been completed when the published work 
of two other groups of workers came (very belatedly owing to war conditions) into our hands. 
Verkade and Janetzky (Rec. Trav. chim., 1943, 62, 763, 775) confirmed the findings of Crowther, 
Mann, and Purdie (/oc. cit.) that phenacylaniline was unchanged on boiling with aniline: they 
showed, however, that it gave 2-phenylindole on fusion with zinc chloride and when heated 
with one equivalent of aniline hydrochloride. Furthermore, phenacyl-N-methylaniline, 
NMePh:CH,°COPh, when heated with an equal weight of N-methylaniline hydrochloride at 170° 
gave a high yield of 3-phenyl-1-methylindole and a small proportion of 2-pheny]l-1-methylindole. 
They also investigated the cyclisation of compounds of type (XI) in which X and Y were aryl 
and alkyl substituents respectively, and showed that in certain circumstances indolisation 


Y 

R 
(XIEA.) (XI.) (XIIB.) 


occurred by “true ring closure” to give indoles of type (XIIA), and sometimes by 
“* rearrangement ”’ or ‘‘ apparent ring closure ”’ to give isomeric indoles of type (XIIB), although 
no detailed mechanism was suggested. Later communications by Verkade e¢ al. have since 
appeared (ibid., 1945, 64, 129, 139, 289; 1946, 65, 193, 691). 

More significant and decisive evidence has been produced by Julian, Meyer, Magnani, and 
Cole (J. Amer. Chem. Soc., 1945, 67, 1203), who have shown that both a-bromopropiophenone 
and «-bromobenzyl methyl ketone on treatment with aniline give a mixture of the isomeric 
anilides,* namely the yellow a-anilinopropiophenone (XIII), m. p. 102°, and the white «-anilino- 


MeCHBr-COPh —> NHPh-CHMe-COPh + NHPh-CHPh:COMe <— Ph-CHBrCOMe 
(XIII) (XIV.) 


benzyl methyl ketone (XIV), m. p. 90°. They claimed that these isomeric anilides underwent 
interconversion when heated in alcohol solution with aniline hydrobromide, and that both when 
heated with a mixture of aniline and aniline hydrochloride gave 2-phenyl-3-methylindole. 
Each of other similar pairs of isomeric anilides, however, gave a mixture of isomeric indoles; for 
example, both a-anilinodibenzyl ketone, Ph*CH(NHPh)-CO-CH,Ph, and «-anilino-$-phenyl- 
propiophenone, Ph*CO*CH(NHPh)°CH,Ph, on cyclisation gave a mixture of 3-phenyl-2- 
benzylindole and 2-phenyl-3-benzylindole. These workers incline to the view that the Bischler 
diamine theory if suitably modified will apply to certain cases of indole formation from 
phenacylamines. They assert that the interaction of.an a-bromo-ketone and an arylamine is 
a complicated system that ‘‘ may involve simultaneously ”’ seven different reactions. 

In the first main section of our work—that on the stability and reactions of phenacyl 
secondary amines—we have first prepared a series of such compounds in which the phenacyl 
group carried in turn the p-methyl, p-chloro-, and p-phenyl group as substituent. The p-chloro- 

* It is unfortunate that this pair of isomers (and certain others) were not characterised by either 
anal or molecular weight determinations. This is particularly to be regretted as Crowther, Mann, 


and Purdie (Joc. cit.) have shown that phenacylamines may form bimolecular polymers : others, moreover, 
pass readily into anhydrides, which have been mistaken for true lamines. 
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group was investigated, because our work in Part I (loc. cit.) indicated that the p-chloropheny] 
group enhanced the stability both of phenacylamines and of 3-p-chlorophenylindoles obtained 
from them. The p-methyl and p-phenyl groups were chosen as the simplest alkyl and aryl 
substituent respectively. The condensation of p-methylphenacyl bromide, BrrCH,°CO-C,H,Me, 
with highly purified N-methyl- and N-ethyl-aniline in turn furnished p-methylphenacyl-N- 
methylaniline, NMePh°CH,°CO’C,H,Me, and its N-ethyl homologue. The use of p-chlorophenacyl 
bromide gave p-chlorophenacyl-N-methylaniline and its N-ethyl homologue (Crowther, Mann, 
and Purdie, Joc. cit.), and the use of p-phenylphenacyl bromide gave -phenylphenacyl- 
N-methylaniline, NMePh-CH,°CO’C,H,Ph, and its N-ethyl homologue. Each of these 
phenacylamines was carefully purified, and in particular all traces of ionic halogen were completely 
eliminated (see p. 855). 

The object of the first series of experiments was to determine the behaviour of these 
phenacylamines when boiled with alcoholic zinc chloride until no further perceptible reaction 
occurred. For this purpose, 5—6 mols. of zinc chloride were employed and the boiling 
continued usually for 6 hours. The low solubility in boiling alcohol of the p-phenyl compounds, 
however, necessitated a much greater volume of the solvent, and hence a much greater proportion 
of zinc chloride was used so that the concentration of the chloride in the alcoholic solutions 
should be approximately the same in all the experiments : for the ~-phenyl compounds, moreover, 
a considerably longer time of heating was employed. The results are summarised in Table I. 


TaBLeE I. 
Action of Boiling Alcoholic Zinc Chloride on p-Substituted Phenacyl Secondary Amines, 
NRPh:CH,°CO-C,H,R’. 
R. R’. Product. R. R’. Product. 
Me 3-p-Tolyl-1-methylindole Et Me 3-p-Tolyl-l-ethylindole 
Cl 3-p-Chloropheny]-1-methylindole Cl 3-p-Chlorophenyl-l-ethylindole 
‘i Ph 3-p-Phenylyl-l-methylindole Ph  3-p-Phenylyl-l-ethylindole 


In each case, the indole formed was identified both by analysis and by direct comparison 
with the isomeric 2-aryl-l-alkylindoles prepared by Fischer’s synthesis. It is clear from these 
results that alcoholic zinc chloride causes indolisation by direct cyclisation, and consequently the 
3-arylindole is always obtained. 

The action of fused zinc chloride on these phenacylamines was next studied. For this 
purpose, an intimate powdered dry mixture of the phenacylamine and the zinc chloride was 
plunged into a bath already heated to the required temperature and then stirred gently for the 
time noted. This technique was employed (unless otherwise stated) for all zinc chloride fusions 
described in Parts II and III of this work: it was found to give consistent results, which 
sometimes differed from those recorded by Crowther, Mann, and Purdie (/oc. cit.), who, however, 
usually placed their mixtures of amine and zinc chloride in a cold bath which was then heated 
to the required temperature. The latter method might clearly allow a rapid reaction to proceed 
to completion with the formation of a stable product below the final temperature of the bath : 
our present technique reduces this possibility toa minimum. The results of these experiments 
are collected in Table IT. 


TaBL_E II. 
Action of Fused Zinc Chloride on p-Substituted Phenacyl Secondary Amines, NRPh*CH,°CO’C,H,R’. . 
R. R’. Temp. M. t. Product. 
Me Me 250° 5 45 2-p-Tolyl-1-methylindole 
ss ‘cl 200 10 30 2-p-Chloropheny]-1-methylindole 
a - 250 10 30 Extensive decomposition 
* Ph 140 2 15 3-p-Phenylyl-1-methylindole 
” ” 200 5 30 .” ” ” 
250 ll 40 2-p-Phenylyl-1-methylindole 
Et Me 120 2-p-Tolyl-1-ethylindole 
Cl 200 10 30 3-p-Chlorophenyl-1-ethylindole 
. i 250 10 30 Extensive decomposition 
150 30 3-p-Phenyly]-1l-ethylindole 
200 12 30 2-p-Phenylyl-1-ethylindole 


(M = mols. of ZnCl,; # = time of heating, in minutes.) 
* This mixture was heated slowly to 230° and maintained there for 10 minutes. 
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Although these results do not show any close correlation between the nature of the product 
and that of the p-substituent R’, they clearly show that the production of 2-aryl-l-alkylindoles 
is more frequent than hitherto supposed, and they also show clearly the effect of the temperature 
of the fusion on the structure of the resultant indole. Furthermore they provide the first 
examples of the conversion of a phenacyl-N-ethylaniline into a 2-aryl-l-ethylindole: the 
previous rare examples of the production of 2-aryl-1-alkylindoles were solely from phenacyl-N- 
methylanilines. 

It will be seen from Table II that 2-aryl-l-alkylindoles are usually obtained from the 
phenacylamines at higher temperatures than those which produce the isomeric 3-aryl-1- 
alkylindoles. The question arises whether the 3-aryl-l-alkylindoles are therefore the first 
product of the reaction and then isomerise to the 2-aryl-l-alkylindoles. This appeared to be 
not improbable, for Crowther, Mann, and Purdie (loc. cit.) have shown that 3-phenyl-1- 
methylindole is isomerised to 2-phenyl-1-methylindole by fusion with zinc chloride at 250°. To 
determine this point, the above 3-aryl-l-alkylindoles were fused with zinc chloride under similar 
conditions to those employed with the phenacylamines : the results are summarised i in Table III. 
In each case the time of heating was 30 minutes. 


TaBLeE III. 
Stability of Indoles Fused with Zinc Chloride. 
Mols. of 
Indole. Temp. ZnCl,. Product. 
3-p-Tolyl-l-methylindole ............ 250° 8 Isomerised to 2-p-tolyl-1-methylindole 
3-p-Chlorophenyl-l-methylindole... 200 9 Unchanged 
9 Decomp. to indefinite products 

3-p-Phenylyl-1-methylindoie 250 10 Isomerised to 2-p-phenylyl-1-methylindole 
3-p-Tolyl-l-ethylindole ............... 250 8 Unchanged 

3-p-Chloro lindole ... 200 10 Unchanged 
+5-Pheny yl-l-ethylindole ......... 250 ll Mainly unchanged 


These results reveal two important points. First, that 3-aryl-l-alkylindoles cannot invariably 
be intermediate compounds in the conversion of phenacyl secondary amines into 2-aryl-1- 
alkylindoles. This follows from the fact, for example, that p-methylphenacyl-N-ethylaniline 
when heated at 200° with zinc chloride affords 2-p-tolyl-l-ethylindole, whereas 3-p-tolyl-1- 
ethylindole is unaffected by zinc cloride at 250°: similarly »-phenylphenacyl-N-ethylaniline 
gives 2-p-phenylyl-1l-ethylindole with zinc chloride at 200°, whereas 3-p-phenylyl-1-ethylindole 
is little affected by the chloride even at 250°. It follows that the formation of 2-aryl-1-alkylindoles 
from phenacyl secondary amines must involve an entirely different mechanism from that of the 
formation of 3-aryl-l-alkylindoles : the latter are almost certainly formed by direct cyclisation 
of the phenacylamine. Secondly, 3-aryl-l-ethylindoles are notably more stable than 3-aryl-1- 
methylindoles, which in turn are more stable than 3-arylindoles : no example of the isomerisation 
of a 3-aryl-1-ethylindole by zinc chloride has been detected in this work. 

Another series of reactions showed that the formation of 2-aryl-l-alkylindoles from phenacyl 
secondary amines may occur under very similar conditions to that of 2-arylindoles from phenacyl 
primary amines, and may therefore proceed by a similar mechanism. For this purpose each of 
our p-substituted phenacyl bromides was boiled in turn witb excess of N-methyl- and N-ethyl- 
aniline. Since in these circumstances the first reaction almost certainly is the formation of the 
phenacyl secondary amine and the N-alkylaniline hydrobromide, similar results should be 
obtained if the phenacyl secondary amines were boiled with excess of the corresponding 
N-alkylaniline and one equivalent of hydrogen bromide. Inspection of the results recorded in 
Tables IV and V, summarising the experiments with phenacyl bromides and phenacylamines 
respectively, shows that this is correct. 

Some of the above reactions can occur rapidly : for example, in the first reaction the same 
products were isolated when the reactants had been boiled together for 20 minutes or for 5 hours. 

In the experiments summarised in Table V, an accurate addition of 1 mol. equivalent of 
anhydrous hydrogen bromide or chloride was obtained by adding 1 mol. equivalent of the pure 
crystalline N-alkylaniline hydrobromide or hydrochloride to the reaction mixture. The 
number of mols. of secondary amine recorded in Column 4 is therefore the number of mols. of 
free amine used plus one extra added as the salt. 

The following important factors follow from the results collected in Tables IV and V. 

(i) It is clear that no indolisation of phenacyl secondary amines occurs in boiling N-alkyl- 
anilines in the absence of acids (cf. Table V). We have further evidence that acids are essential 


852 Brown and Mann: The Mechanism of 


TaBLeE IV. 
Products Obtained by Boiling p-Substituted Phenacyl Bromides, BreCH,°CO’C,H,R’, with Excess 
of N-Alkylaniline. 
Time of 
Mols. of _ boiling 
R’. Amine. amine. (hrs.). Products. 
Me NHMePh 6 ta 2-p-Tolylindole + 2-p-tolyl-1-methylindole 
Cl Pe 5 2 2-p-Chlorophenylindole + 2-p-chlorophenyl-1-methylindole 
Ph a 4 2-5 2-p-Phenylylindole + 3-p-phenylyl-1-methylindole 
Me NHEtPh 6 5 2-p-Tolylindole + 3-p-tolyl-l-ethylindole 
Cl 5-5 2 2-p-Chlorophenylindole + 3-p-chlorophenyl-1l-ethylindole 
Ph 4 2-5 2-p-Phenylylindole + 3-p-phenylyl-l-ethylindole 


TABLE V. 


Products Obtained by Boiling p-Substituted Phenacyl-N-alkylanilines, NRPh°CH,CO’C,H,R’, 
with Excess of N-Alkylaniline and 1 Equivalent of Acid. 


Mols Time of 
of boiling 
R. Amine. amine. Acid.  (hrs.). Products. 
Me Me NHMePh ll HBr 12 = 2-p-Tolylindole + 2-p-tolyl-1-methylindole 
Me Cl ee 6 oe 1 2-p-Chlorophenylindole + 2-p-chlorophenyl- 
1-methylindole 
” ” ” 6 HCl 1 ” ” ” ” ” 
Me . 10 HBr 2-5 + 3-p-phenylyl-1-methyl- 
indole 
Et Cl NHEtPh 6 HBr 2-p-Chlorophenylindole + 3-p-chlorophenyl-1- 
ethylindole 
” ” ” 6 HCl 1 ” ” ” ” 
Me Cl NHMePh 6 None 1 Unchanged phenacylamine 
Me Ph : ” 10 ” 2-5 ” ” ” 
Et Cl NHEtPh 6 1 


for this indolisation irrespective of the media, for we have found that p-phenylphenacyi-N- 
methylaniline, and its N-ethyl homologue, can be distilled unchanged at 18 mm.: the former 
compound furthermore was unchanged after 3 hours’ refluxing in pure o-dichlorobenzene. The 
phenacyl secondary amines require a higher proportion of acid for cyclisation than do phenacyl 
primary amines, as Crowther, Mann, and Purdie (/oc. cit.) indicate. 

(ii) Hydrogen chloride can be used for cyclisation instead of hydrogen bromide. Crowther, 
Mann, and Purdie (Joc. cit.) showed that 0°01 mol. of hydrogen bromide or iodide would induce 
indolisation of phenacyl primary amines, but that hydrogen chloride in this proportion was 
inactive. We now find that hydrogen chloride will catalyse the indolisation of phenacyl 
primary and secondary amines but requires a much higher concentration (cf. p. 869), and this 
apparent discrepancy is now cleared up. 

(iii) When phenacyl secondary amines undergo cyclisation in boiling N-alkylanilines, the 
product always consists of two indoles, one of which is invariably a 2-arylindole, whilst the other 
is either a 3-aryl-l-alkyl- or a 2-aryl-l-alkyl-indole. It is noteworthy that the phenacyl-N- 
ethylanilines always gave 3-aryl-l-ethylindoles, whilst the phenacyl-N-methylanilines gave 
2-aryl-1-methylindoles (2 examples) or 3-aryl-1-methylindole (1 example). 

The origin of 2-arylindoles is of great interest. They cannot arise by de-alkylation of the 
2-aryl-1-alkylindoles, because we find that both 2-p-tolyl-1-methylindole and 2-p-chloropheny]l- 
l-methylindole are unaffected by boiling with excess of N-methylaniline containing 1 mol. 
equivalent of N-methylaniline hydrobromide. 

We consider that when a phenacyl bromide is boiled with excess of an N-alkylaniline, the 
following changes occur : 


(a) NHRPh + Br-CH,-CO-C,H,R’ —> NRPh-CH,CO-C,H,R’ + HBr 
(o) NRPh-CH,-CO-C,H,R’ + HBr 
=> NHPh:CH,°CO-C,H,R’ + RBr 
(c) NHRPh + RBr —> NR,Ph + HBr 
(d) NHPh-CH,-CO-C,H,R’ —-> 2-arylindole + H,O 
(e) —-> 2(or 3)-aryl-1-alkylindole + H,O 
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Reaction (a) is normal formation of phenacyl secondary amine and hydrogen bromide. 
In Reaction (b), these combine to give the phenacyl secondary amine hydrobromide, which in 
the boiling N-alkylaniline can dissociate either into its original components or into the 
corresponding phenacy] primary amine and alkyl bromide. Of these two dissociations, the former 
might be expected to be the more prominent, but the latter is promoted by the subsequent 
reaction of the alkyl bromide with the secondary amine to give the tertiary N-dialkylaniline 
(Reaction c). Then follow the familiar acid-catalysed cyclisation of the phenacyl primary 
amine to give the 2-arylindole (Reaction d), and of the phenacyl secondary amine to give the 
2(or 3)-aryl-l-alkylindole (Reaction e). 

We have both direct and indirect confirmation of the existence of the above reactions. We 
find that when p-phenylphenacy] bromide is boiled with excess of N-methylaniline (cf. Table IV), 
N-dimethylaniline is formed in addition to the 2-p-phenylylindole and the 3-p-phenylyl-1- 
methylindole recorded above. This is precisely what the above series of reactions demands. 

As indirect confirmation, it should follow, if the above series of reactions is correct, that a 
phenacyl bromide when boiled with excess of a tertiary amine such as N-dimethylaniline should 
form ultimately a phenacyl secondary amine and phenyltrimethylammonium bromide by the 
reactions : 

NMe,Ph + BreCH,°CO’C,H,R’ —-> [NMe,Ph-CH,°CO’C,H,R’]Br 
NMePh:CH,°CO°C,H,R’ + MeBr 
NMe,Ph + MeBr —-> [NMe,Ph]Br 


Moreover, since no free acid is available in this system, the phenacyl secondary amine 
should be stable and in particular should undergo no indolisation. This has proved to be 
correct, for we find that -phenylphenacy] bromide when boiled with excess of pure N-dimethyl- 
aniline gave p-phenylphenacyl-N-methylaniline, but no indole could be detected. Staedel 
(Ber., 1888, 21, 2196) had shown that phenacyl bromide reacted with N-dimethylaniline to give 
phenacyl-N-methylaniline, but this result has been held of doubtful significance without 
evidence of the purity of dimethylaniline used: our results show, however, that Staedel’s 
phenacyl-N-methylaniline was derived from the dimethylaniline and was not merely a product 
of N-methylaniline that might possibly have contaminated his dimethylaniline. 

The first section of our work has therefore elucidated the conditions under which phenacyl 
secondary amines give rise to 2-arylindoles, 3-aryl-l-alkylindoles, and 2-aryl-l-alkylindoles. It 
has shown the mechanism by which the precursors of the 2-arylindoles, i.e., the phenacyl 
primary amines, are derived from the phenacyl secondary amines. It does not, however, give 
any decisive evidence of the mechanism by which the 2-aryl-l-alkylindoles are formed: it is 
clear, however, that this mechanism must be closely allied to—and is probably identical with— 
that by which 2-arylindoles are formed from phenacy] primary amines, which is discussed in Part 
III. Furthermore, the acid-catalysed direct cyclisation of phenacyl secondary amines to give 
3-aryl-l-alkylindoles must undoubtedly proceed by a mechanism parallel to that by which, for 
example, 1-phenyl-p-methylphenacylaniline gives rise to 2-phenyl-3-p-tolylindole, which is 
also discussed in Part III (p. 863). 


EXPERIMENTAL. 


The names of solvents used for recrystallisation are stated in parentheses*after the compounds 
concerned : when two solvents are named, the form “acetic acid, benzene” indicates recrystallisation 
from each consecutively in the order given; the form “ acetone-alcohol”’ indicates recrystallisation 
from the mixed solvents. All phenacyl bromides and indoles were colourless, and all phenacylamines 
were pale yellow. ; 

Hepes of Pure N-Alkylanilines.—To ensure that the N-methyl- and N-ethyl-aniline used were 
pure, and in particular entirely free from primary and tertiary amines, the technically pure N-alkylaniline 
was carefully added to a solution of freshly prepared cuprous chloride (1 mol.) in concentrated hydrochloric 
acid. After the mixture had been cooled, the precipitated complex was collected, washed thrice with 
water and thrice with alcohol (to remove the more soluble complexes of any aniline or dialkylaniline 
present), decomposed with concentrated aqueous sodium hydroxide, and then steam distilled. The 
N-alkylaniline was extracted with ether, dried, and distilled. No impurities could be detected in the final 
product (cf. Jones and Kenner, J., 1932, 714). 

Ketones.—p-Methylacetophenone was prepared by the action of acetyl chloride on toluene, and after 
careful fractionation obtained as a colourless liquid, b. p. 100°/13 mm. /-Chloroacetophenone and 
Sy te pg were by the directions ie in Org. Synth., Coll. Vol. I, 111, and by 

e and Bronitsky (J. Amer. Chem. Soc., 1930, 52, 3718), respectively. 

Indoles by the Fischer Synthesis.—Certain of our indoles, prepared by the Fischer synthesis, were 
already available (cf. Part I). We have utilised this synthesis to prepare authentic samples of all the 
2-aryl- and 2-aryl-l-alkyl-indoles which arose in our phenacylamine investigations: these authentic 
samples were thus available for direct comparison by mixed m. p. determinations with our 2-arylindoles 
and their 3-aryl isomers. All such identifications were confirmed by analysis and often molecular- 
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weight determinations. For further characterisation of certain of the indoles, their picrates and 
nitroso-derivatives were prepared, as described in Part I. We have prepared certain 2-aryl-5-methyl- 
indoles for additional comparison with the isomeric 2 (and 3)-aryl-l-alkylindoles. In our Fischer 
synthesis, the indoles were sometimes ——_ by the interaction of the ketone with the hydrazine 
without isolation of the intermediate hydrazone : in other cases Lage oe ene was isolated and purified. 
2-p-Tolylindole. Powdered zinc chloride (100 g.) was rapidly ed with stirring to a mixture of 
p-methylacetophenone (13-4 g.) and phenylhydrazine (11-7 g., 1-1 mols.). The mixture became warm and 
was then heated at 130° for 30 minutes. The cold product was digested with hot dilute hydrochloric 
acid and the insoluble indole collected, washed with water, and recrystallised (alcohol) ; m. p. 218—219° 
(Found: C, 86-9; H, 6-4; N, 7-1. C,,;H,;N requires C, 86-0; H, 6-3; N, 6-8%). The 1-nitroso- 
derivative formed orange crystals (alcohol), m. p. 240° (decomp.) (Found: C, 77-0; H, 5-8; N, 12-0. 
C,,H,,ON, requires C, 76-3; H, 5-1; N, 11-9%). 
2-p-Phenylylindole. A mixture of p-phenylacetophenone (20 g.), phenylhydrazine (15 g., 1-5 mols.), 
and acetic acid (1 g.) was heated slowly to 120°, giving a solid product. The latter when cold was 
wdered, mixed with pulverized zinc chloride (90 g.), and heated at 200° for 45 minutes. The cold 
hard mass was powdered, extracted with hot dilute hydrochloric acid, washed with water, and the 
indole recrystallised; cream-coloured crystals (glycol monomethyl ether), m. p. 302—304° (Found: C, 
89-4; H, 5:7; N, 5-5. C,,H,,N requires C, 89-2; H, 5-6; N, 5:2%). The 1-nitroso-derivative formed 
orange ae (alcohol), m. p. 274—276° (decomp.) (Found: C, 80-4; H, 5-4; N, 9-17. C,.H,,ON, 
requires C, 80-6; H, 4-7; N, 9-4%). 
2-p-Tolyl-1-methylindole. The intermediate hydrazone isolated in this experiment could not initially 
be induced to crystallise. Ultimately the viscous oil from a small preparation was distilled under 
reduced pressure, and then readily crystallised, and could be used to seed larger preparations. The 
mixture obtained by adding a solution of as-phenylmethylhydrazine (4-9 g.) in acetic acid (3 g.) containing 
water (2 g.) to one of p-methylacetophenone (5-4 g., 1 mol.) in acetic acid (5 g.) was heated at 70° for 
5 minutes and cooled. The oil which separated crystallised on seeding, and gave.cream crystals (aqueous 
alcohol) of the phenylmethylhydrazone, m. p. 107° (Found: N, 11-9. C,,H,,N, requires N, 11-8%). A 
mixture of this compound (3 g.) and powdered zinc chloride (6 g.) was heated at 200° for 7 minutes. 
The cold product was given the usual acid digestion, and the residue then taken up in ether, dried, and 
distilled at 20 mm. The distillate rapidly solidified and gave white crystals (alcohol) of 2-p-toly/-1- 
methylindole, m. p. 94° (Found: C, 86-5; H, 6-9; N, 6-5; M, ebullioscopically in 0-939% alcoholic 
solution, 225. C,,H,,N requires C, 86-9; H, 6-8; N, 6-3%; M, 221). This compound had the same 
m. p. alone and mixed with the indole obtained from p-methylphenacylmethylaniline. 
2-p-Tolyl-1-ethylindole. A mixture of p-methylacetophenone (13-4 g.), as-phenylethylhydrazine 
(13-6 g., 1 mol.), and acetic acid (0-5 g.) was heated at 100° for 5 minutes, cooled, mixed with powdered 
zinc chloride (100 g.), and then heated slowly in an oil-bath. At 130° a violent reaction occurred and 
the mass became black. After acid extraction the product was dissolved in ether—benzene, dried, and 
twice distilled at 0-2mm. The final product solidified and was crystallised (alcohol) ; m. p. 48° (Found : 
C, 87-4; H, 7-2; N, 60; M, ebullioscopically in 1-31% alcoholic solution, 225. C,,H,,N requires C, 
86-8; H, 7:3; N, 60%; M, 235). 
2-p-Tolyl-5-methylindole. For this purpose, p-methylacetophenone Mgr was prepared 
as above; it formed cream-coloured crystals (alcohol), m. p. 138° (Found: N, 12-0. C,,H,,N, requires 
N, 11-8%), which when set aside for a few days decomposed to a brown tar. The normal fusion with 
zinc chloride at 130° for 30 minutes furnished the indole (alcohol), m. p. 239—240° (Found: C, 86-7; 
H, 6-8; N, 6-8. C,,H,,N requires C, 86-9; H, 6-8; N, 63%). It gave the 1-nitroso-derivative, red 
crystals (alcohol), m. p. 253° (decomp.) (Found: C, 79-7; H, 6-2; N, 11-8. C,,H,,ON, requires C, 76-9; 
H, 5-6; N, 11-2%); this compound did not depress the m. p. of 1-nitroso-2-p-tolylindole. 
2-p-Chlorophenyl-1-methylindole. This indole was prepared in the usual way by heating p-chloroaceto- 
phenone (7-7 g.), as-phenylmethylhydrazine (6-1 g., 1-1 mols.), and acetic acid first to 100° for 5 minutes 
and subsequently with zinc chloride (20 g.) at 180° for 15 minutes. The crude product after acid digestion 
and recrystallisation (alcohol, acetic acid) gave the pure indole, m. p. 119° (Found: C, 74-3; H, 5-2; 
N, 5-6; Cl, 14-9. C,;H,,NCl requires C, 74-5; H, 5-0; N, 5-8; & 14-7%). It gave the 3-nitroso- 
derivative, green crystals (alcohol), m. p. 158° (Found: C, 66-2; H, 4-2; N, 9-95. C,;H,,ON,Cl requires 
C, 66-2;. H, 4-1; N, 10-4%). 
2-p-Phenylyl-1-methylindole. The interaction of p-phenylacetophenone (7 g.) and as-phenylmethyl- 
hydrazine (7-7 g., 1-7 mols.) in 50% aqueous acetic acid at 70° readily gave p-phenylacetophenone 
phenylmethylhydrazone, yellow crystals (alcohol containing a small quantity of the hydrazine), m. p. 107° 
(Found: C, 84:2; H, 6-9; N, 9-4. C,,HgoN, requires C, 84:0; H, 6-7; N, 93%). The hy one 
(5 g.) and zinc chloride (1 g.) were boiled in acetic acid (15 ong for 1 hour, during which the indole 
began to crystallise. When cold, it was collected, washed with alcohol, and recrystallised (acetic acid, 
trol), and then had m. p. 154° (Found: C, 89-4; H, 5:7; N, 4:8. C,,H,,N requires C, 89-0; H, 6-1; 
, 49%). This P= the 3-nitroso-derivative, green crystals (acetic acid, benzene), m. p. 214° (Found : 
G 81-1; H, 5-5. 21H,,ON, requires ll 80-8; H, 5-2%). 
2-p-Phenylyl-l-ethylindole. p-Phenylacetophenone phenylethylhydrazone was prepared by the usual 
method, m. p. 122—123° (alcohol) (Found: N, 9-3. C,,H,,N, requires N, 8-9%). The hydrazone 
(5 g.) and zinc chloride (10 g.) were boiled in acetic acid (50 c.c.) for 1 hour and the solution poured into 
much dilute hydrochloric acid; the rm, ery indole after recrystallisation (acetic acid, benzene) 
had m. p. 134° (Found: C, 89-0; H, 6-4; N, 4-6. C,,H,,N requires C, 88-8; H, 6-4; N, 4-7%). The 
3-nitroso-derivative formed green crystals (alcohol), m. p. 164° (Found: C, 81-0; H, 6-0; N, 8-95. 
C.,H,,ON, requires C, 81:0; H, 5-6; N, 9-0%). 
2-p-Phenylyl-5-methylindole. Interaction of p-phenylacetophenone (3-9 g.) and -tolylhydrazine 
(2-5 g., 1 mol.) under the usual conditions readily gave the yellow p-tolylhydrazone (acetic acid), m. p. 
212—214° (decomp.) (Found: N, 9-4. C,,H, )N, requires N, 9-3%). This compound when fused with 
zinc chloride at 1 150° for 3 hours gave the indole (acetic acid, glycol monomethy] ether), m. p. 327—329° 
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(Found: N, 5-2. C,,H,,N requires N, 49%), which in turn furnished the 1-nitroso-derivative, orange 
crystals (alcohol), m. p. 279—280° (decomp.) (Found: N, 9-3. (C,,H,,ON, requires N, 9-0%); this 
nitroso-compound did not — the m. p. of 1-nitroso-2-p-phenylylindole. 

Preparation of Phenacyl Bromides.—Phenacyl bromide, when prepared in accordance with Org. 
Synth., Coll. Vol. II, 480, and then washed with petrol and water, dried, and crystallised (methyl alcohol), 
had m. p. 48—50° and remained a for many weeks if kept thoroughly dry. The following 
bromides were oy according to the reference stated. -Methylphenacyl bromide, m. p. 52-5—53-5°, 
Kunckell (Ber. 1897, 30, 577) (cf. also Org. Synth., Coll. Vol. II, 480); »-chlorophenacyl bromide, m. p. 
Bronitaky (lee ef ag Org. Synth. (loc. cit.); p-phenylphenacyl bromide, m. p. 125—126°, Drake and 

ronits . cit.). 

Preparation of ig same pt detailed preparation of one of these compounds suffices for all. 
It must be emphasised t each phenacylamine when first collected on the filter was washed in turn 
with a small quantity of alcohol and with water, and then suspended in water (ca. 1 1.) and vigorously 
stirred for several hours; it was again collected, washed, and recrystallised until it had a sharp m. p. 
and was entirely free from ionic halogen. ethyiph 

p-Methylphenacyl-N-methylaniline. A mixture prepared by ing p-methylphenacy mide 
(16 g.) and N-methylaniline 17 c.c., 2 mols.) to alcohol (40 c.c.) was refluxed for 1 hour and cooled. The 
phenacyl derivative which had crystallised was collected, purified as above, and recrystallised (alcohol) ; 
m. p. 87° (Found: C, 77-9; H, 7-0; N, 6-1. C,,H,,ON requires C, 80-3; H, 7-1; N, 5-9%). The 
N-ethyl homologue had m. p. 76° (alcohol, petrol) (Found: C, 80-5; H, 7-6; N, 5-4. 17H,,ON 
requires C, 80-6; H, 7-6; N, 55%). 

p-Chlorophenacyl-N-methylaniline and its N-ethyl homologue were p as above, whereas 
Crowther, Mann, and Purdie (loc. cit.) used calcium carbonate to neutralise the hydrogen bromide formed 
by the interaction of the bromide and the amine. 

p-Phenylphenacyl-N-methylaniline was prepared as above, but using 2-5 mols. of N-methylaniline ; 
m. p. 152° (alcohol-acetone) (Found: C, 83-9; H, 6-0; N, 4-9. C,,H,,ON requires C, 83-7; H, 6-4; 
N, 4:7%). The N-ethyl homologue had m. p. 114° (alcohol) (Found: C, 84-6; H, 6-7. C,,H,,ON 
requires C, 84:0; H, 6-6%). 

Reaction of Phenacylamines with Alcoholic Zinc Chloride (cf. Table I).*—The description of one 
experiment suffices for all, except in the p-phenylphenacy] series, where certain solubility factors entered. 
(i) p-Methylphenacyl-N-methylaniline (2-7 g.) and powdered zinc chloride (8 g., 5 mols.) were ae 
in turn to alcohol (15 c.c.), and the mixture refluxed for 5 hours. The solution was then poured into excess 
of ice-cold dilute hydrochloric acid, and the precipitated pale brown tar when collected and recrystallised 
(alcohol) gave white crystals of 3-p-tolyl-l1-methylindole, m. p. 63° (Found: C, 86-6; H, 6-7; N, 6-5. 
C,,H,,N requires C, 86-9; H, 6-8; N,6-3%). (ii) p-Methylphenacyl-N-ethylaniline, ee gave 
3-p-tolyl-1-ethylindole, colourless needles (methyl alcohol), m. p. 63° (Found: C, 86-0; H, 7-4; N, 5-8; 
M, ebullioscopically in 1-02% alcoholic solution, 241. C,,H,,N requires C, 86-8; H, 7:3; N, 6-0%; 
M, 235). (iii) p-Chlorophenacyl-N-methylaniline similarly gave 3-p-chlorophenyl-l-methylindole 
(alcohol), m. p. 96°. (iv) ~-Chlorophenacyl-N-ethylaniline gave ee 
m. p. 79° (alcohol). E iments (iii) and (iv) were thus performed under closely similar conditions 
to those of Crowther, n, and Purdie (loc. cit.), and confirm their results. (v) The solubility of 
p-phenylphenacyl-N-methylaniline in boiling alcohol is low. If the usual proportion of phenacylamine 
to zinc chloride had been employed, the concentration of the chloride in the alcohol would have been 
very low : consequently the amount of chloride employed was considerably increased to ensure that the 
phenacylamine should be exposed to approximately the same concentration of zinc chloride as in the 
above experiments. A considerably longer time of boiling was also required to ensure absence of 
unchanged material in the final product. A mixture of p-phenylphenacyl-N-methylaniline (3 g.) and 
zinc chloride (106 g.) in alcohol (200 c.c.) was refluxed for 27 hours. The hot filtered solution was poured 
into ice-cold dilute hydrochloric acid (2-5 1.), and the cream-coloured precipitate was collected and dried. 
Recrystallisation of this crude material was difficult: it separated from an acetic acid solution over a 
period of several days, and was then more readily recrystallised from alcohol: ultimately it furnished 
3-p-phenylyl-1-methylindole, m. p. 134° (Found: C, 89-4; H, 6-0; N, 5-2; M, cryoscopically in 0-73% 
ethylene dibromide solution, 287. C,,H,,N requires C, 89-0; H, 6-1; N, 49%; M, 283). In another 
experiment, the phenacylamine (3 g.) and zinc chloride (15 g., 11 mols.) were dissolved in the minimum 
volume of boiling alcohol, and the solution refluxed for 30 hours, evaporated to smail bulk, and then 
om into cold dilute acid. The yellow precipitate when repeatedly crystallised from acetic acid now 
urnished p-phenylbenzoic acid, m. p. 221-5—222-5° (Found: C, 79-4; H, 5-5. Calc. for C,,;H,,0,; 
C, 78-9; H, 5-1%). Similarly, a solution of the phenacylamine (2-8 g.) and zinc chloride (10 g., 8 mols.) 
in glycol monomethyl ether (40 c.c.) was heated at 100° for 24 hours. The solution was poured into 
cold acid, and the yellow precipitate collected, dried, and extracted (Soxhlet) with petrol (b. p. 80—100°). 
Evaporation of the petrol extract gave a yellow product which after repeated recrystallisation (petrol, 
cyclohexane) also furnished p-phenylbenzoic acid, m. p. 220-5—223°, not depressed by admixture with 
previous sample (Found: C, 78-6; H, 5-3%). This (atmospheric) oxidation of the phenacylamine to 
the corresponding acid recalls the ready atmospheric oxidation of p-chlorophenacyl-N-ethylaniline to 
p-chlorobenzoic acid recorded by Crowther, Mann, and Purdie (loc. cit.). (vi) p-Phenylphenacyl-N- 
ethylaniline (10 g.) and zinc chloride (250 g., 60 mols.) were dissolved in the minimum amount of boiling 
alcohol (ca. 750 c.c.) and refluxed for 24 hours. The cold solution was poured into excess of cold dilute 
acid, and the white precipitate, when collected, washed, and recrystallised (acetic acid), furnished 
, m. p. 111° (Found: C, 89-2; H, 6-3; N, 4:9. requires C, 88-8; 

, 64; N, 47%). 
Reactions os Phenacylamines with Fused Zinc Chloride (cf. Table II).—(i) A mixture of 


* For brevity of tation, in this and the following section the order in which the experiments 
are described is not that in which they appear in Tables I and II. 
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p-methylphenacyl-N-methylaniline (4-8 g.) and powdered zinc chloride (13-6 g., 5 mols.) was heated at 
250° for 45 minutes with occasional stirring. e cold product was then thoroughly digested with hot 
dilute hydrochloric acid. The dark oil which floated on the acid solidified on cooling, and was then 
dried, powdered, and extracted (Soxhlet) with petrol (b. p. 60—80°). The extracts on evaporation 
left a yellow residue which after recrystallisation 1, alcohol) (charcoal) afforded 2-p-tolyl-1- 
methylindole, m. p. 94—95° (alone and mixed) on : C, 87-1; H, 7-0; N, 6-7%). (ii) A similar 
mixture of p-methylphenacyl-N-ethylaniline (5 g.) and zinc chloride (25 g,, 9 mols.) was heated at 200° 
for 2 hours. The crude brown product after acid digestion could not be crystallised : it was therefore 
dissolved in ether, dried, and distilled at 2 mm. The distillate readily solidified, and after three 
recrystallisations (alcohol) afforded 2-p-tolyl-l-ethylindole, m. p. 48° (alone and mixed) (Found: C, 
86-7; H, 7-0; N, 6-1%). (iii) A mixture of p-chlorophenacyl-N-methylaniline (5 g.) and zinc chloride 
(25 g., 10 mols.) was heated at 200° for 30 minutes with frequent stirring. The product after acid 
digestion and repeated recrystallisation (alcohol) gave colourless crystals of 2-p-chlorophenyl-1- 
methylindole, m. p. 117-5—119° (alone and mixed) (Found: C, 74:7; H, 4-9; N, 5-6; Cl, 146%). In 
Part I, a similar experiment afforded the 3-p-chlorophenyl isomer, and the different result is to be 
attributed to the different technique of fusion (p. 850). When the above experiment was repeated with 
30 minutes’ fusion at 250°, a crude product was obtained from which no pure compound could be isolated. 
(iv) Expt. (iii) was repeated using the N-ethyl homologue, and the crude product after repeated 

tallisation (acetic acid, alcohol) afforded 3-p-chlorophenyl-1-ethylindole, m. p. 79—80°: this result 
tallies with that described in Part I. Repetition of the experiment with fusion at 250° for 30 minutes 
gave a crude product from which no pure component could be isolated. (v) A mixture of 
p-phenylphenacyl-N-methylaniline (5 g.) and zinc chloride (5 g., 2 mols.) was heated at 140° for 15 minutes 
with continuous stirring. Acid digestion, followed by repeated recrystallisation (acetic acid, alcohol), 
ultimately furnished 3-p-phenylyl-1-methylindole, m. p. 134° (Found: C, 89-05; H, 6-1; N, 4-9. Calc. 
for C,,H,,N: C, 89-0; H, 6-1; N, 49%). When a similar mixture containing zinc chloride (5 mols.) 
was slowly heated to 200° and there maintained for 30 minutes with stirring, extraction ultimately 
furnished the same indole, m. p. 131—133° (Found: C, 88-65; H, 6-1; N, 5-0%). When, however, the 
mixture of the phenacylamine (3 g.) and zinc chloride (15 g., 11 mols.) was heated at 250° for 40 minutes, 
the usual extraction followed by repeated recrystallisation (acetic acid, petrol, acetic acid) gave 
agp eee wa ie m. p. 153° (alone and mixed) (Found: C, 88-5; H, 6-2; N, 5:1%). (vi) 

en re -ethylaniline (5 g.) and zinc chloride (10 g., 5 mols.) were heated with stirring 
at 150° for 30 minutes, the product ultimately furnished phenylyl-1l-ethylindole (acetic acid), m. p. 
110° (Found: C, 88-4; H, 6-3; N,4-9. Calc. for C,,H,,N: C, 88-8; H, 6-4; N,4-7%). When, however, 
the proportion of zinc chloride was increased to 12 mols., and the fusion conducted at 200° for 30 minutes, 
the crude product after repeated recrystallisation (acetic acid) furnished 2-p-phenylyl-l-ethylindole, 
m. p. 133—134-5° (alone and mixed) (Found: C, 89-2; H, 6-5; N, 4-75%). 

Stability of Certain Indoles when fused with Zinc Chioride (cf. Table III).—(i) A mixture of 3-p-tolyl-1- 
methylindole (2-6 g.) and powdered zinc chloride (13 g., 8 mols.) was heated at 250° for 30 minutes with 
frequent stirring. The cold product was digested with hot dilute hydrochloric acid, and the sti 
insoluble product, when collected and recrystallised (acetic acid, alcohol), afforded 2-p-tolyl-1- 
methylindole, m. p. 95—96° (alone and mixed) (Found: C,87-3; H, 6-5; N, 65%). (ii) 3-p-Chloro- 
phenyl-1-methylindole (5 g.) and zinc chloride (25 g., 9 mols.) were mixed and heated at 200° for 30 minutes. 
After acid digestion, the residue was recrystallised (alcohol) and afforded the unchanged indole, m. p. 
96—97° (alone and mixed). Repetition of this experiment at 250° gave a crude product from which no 
pure component could be isolated. (iii) 3-p-Phenylyl-l-methylindole (3 g.) and zinc chloride (15 g., 
10 mols.) were mixed and heated at 250° for 30 minutes with continuous stirring. The product after the 
usual treatment afforded 2-p-phenylyl-1-methylindole (benzene, acetic acid), m. p. 148-5—151-5° (alone 
and mixed). (iv) 3-p-Tolyl-l-ethylindole (3-7 g.) and zinc chloride (18 g., 8-5 mols.) when similarly 
heated at 250° for 30 minutes gave after acid extraction a tar which could not becrystallised. Evaporation 
under reduced pressure of an alcoholic solution of the tar gave crystals which after further 
recrystallisation (alcohol) gave the unchanged indole, m. p. 62—63° (alone and mixed). (v) 3-p-Chloro- 
phenyl-1l-ethylindole (5 g.) and zinc chloride (25 g., 9-5 mols.), fused at 200° for 30 minutes, gave a final 
product which on recrystallisation (alcohol) afforded the unchanged indole, m. p. 78-5—80° (alone and 
mixed). (vi) 3-p-Phenylyl-l-ethylindole (3 g.) and zinc chloride (15 g., 11 mols.) were heated at 250° 
for 30 minutes with stirring. The product after acid digestion was recrystallised (benzene, glycol 
monomethyl ether) and afforded a small quantity of 2-p-phenylylindole, m. p. 301—304° (alone and 
mixed). Evaporation of the benzene mother-liquors gave a much greater residue, which when thrice 
recrystallised (acetic acid) afforded the unchanged 3-p-phenylyl-l-ethylindole, m. p. 109—111° (alone 
‘oe = The results in Experiments (iii) and (v) confirm those of Crowther, Mann, and Purdie 

loc. cit.). 

A mixture of 2-p-tolyl-l-methylindole (2-2 g.), N-methylaniline hydrobromide (1-9 g. 1 mol.), and 
N-methylaniline (10-4 c.c., 10 mols.) was refluxed for 12 hours. Acid digestion of the cold product gave 
an insoluble residue which on recrystallisation (alcohol) furnished the unchanged indole. Similar 
results were obtained when 3-p-chlorophenyl-l-methylindole was used. 

p-Methylphenacyl bromide (5 g.) and pure aniline (25 c.c., 12 mols.) were refluxed for 5 hours. The 
crystals which separated from the cold mixture were collected, washed with a small quantity of alcohol, 
and then iously with dilute hydrochloric acid and water. Recrystallisation (alcohol) afforded 
2-p-tolylindole, m. p. 219—220° (alone and mixed) (Found: C, 86-8; H, 6-4; N, 7:1%). -Phenyl- 
phenacyl bromide fo g.) and aniline (50 c.c., 15 mols.) were refluxed for 1-75 hours. The crystals 
which separated were washed as before, and when recrystallised (glycol monomethyl ether) furnished 
2-p-phenylylindole, m. p. 302—305° (alone and mixed) (Found: C, 89-65; H, 5-4; N, 5-8%). 

ntevaction of p-Substituted 5 ee Bromides with N-Alkylanilines (cf. Table IV).—(i) p-Methyl- 
phenacyl bromide (6-4 g.) and N-methylaniline (18-8 c.c., 6 mols.) were refluxed for 20 minutes, and 
the cold mixture then poured into cold dilute hydrochloric acid (300 c.c.). The solid precipitate was 
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collected and twice recrystallised (alcohol): it then had m. p. 85—185°. Further recrystallisation 
(benzene, alcohol) gave 2-p-tolylindole, m. p. 219—219-5° (alone and mixed) (Found: C, 86-6; H, 6-4; 
N, 7-3; M, a ea 0-814% benzene solution, 224; in 1-38% solution, 223. Calc. for 
C,5H,;N: M, 207). e benzene mother-liquors were evaporated, and the residue when twice 
recrystallised (alcohol) gave 2-p-tolyl-l-methylindole, m. p. 94—95-5° (alone and mixed). Repetition 
of this experiment using 5 hours’ refluxing gave identical results. (ii) p-Chlorophenacyl bromide (9-2 g.) 
and N-methylaniline (10-4 c.c., 5 mols.) were refluxed for 2 hours and red into acid as above. The 
crude product after repeated crystallisation (acetic acid) afforded 2-p-chlorophenyl-l-methylindole, 
m. p. 118—119° (alone and mixed). The earlier acetic acid mother-liquors were evaporated under 
reduced pressure, and the residue when recrystallised (benzene, alcohol), gave Om 
m. p. 205° (alone and mixed) (Found: C, 73-4; H, 4-5; N, 6-1; Cl, 15-2. Calc. for C,,H,,NCl: C, 
73-8; H, 4-4; N, 6-2; Cl, 15-6%). (iii) p-Phenylphenacyl bromide (4-75 g.) and N-methylaniline 
. (7 c.c., 4 mols.) were refluxed for 2-5 hours. After cooling, the copious precipitate was collected, washed 
in turn with alcohol, dilute hydrochloric acid, and water, and when repeatedly recrystallised (glycol 
monomethyl] ether) afforded 2-p-phenylylindole, m. p. 300—303° (alone and mixed). The original 
filtrate was then poured into much dilute hydrochloric acid, and the precipitate recrystallised from 
benzene : the crude crystals thus obtained were discarded, but the benzene mother-liquor on evaporation 
gave a residue which after ted recrystallisation (acetic acid) gave 
m. p. 131-5—132-5° (alone and mixed). The hydrochloric acid from which this indole separated was 
concentrated, basified, and steam-distilled. The distillate when extracted with ether gave an oil which 
was purified by boiling with acetic acid—acetic anhydride. After removal of acetyl derivatives, the 
residue was again basified and steam-distilled. The N-dimethylaniline thus obtained was identified b 
(a) conversion of a portion into the picrate, yellow needles (alcohol), m. p. 161—163° (alone and mixed) 
(Found: C, 48-1; H, 4:2; N, 15-9. Calc. for C,H,,;N,C,H,O,N,: C, 48-0; H, 4-0; N, 16-0%), (6) 
conversion of a second portion into -nitrosodimethylaniline. (iv) Expt. (i) was repeated, using 
N-ethylaniline (22-6 c.c., 6 mols.) and 5 hours’ heating. The solid precipitate when recrystallised 
(alcohol) gave a first crop, m. p. 59—63°, and a later crop, m. p. 60—-170°. The t crop 
when recrystallised (alcohol) gave 3-p-tolyl-l-ethylindole, m. p. 63—63-5° (alone and mixed) (Found : 
C, 86-5; H, 7-4; N, 6-05%), and the second crop, repeatedly recrystallised (alcohol) gave 2-p-tolylindole, 
m. p. 218-5—219-5° (alone and mixed) (Found: C, 86-7; H, 6-4; N, 7-1%). (v) Expt. (ii) was 
repeated using N-ethylaniline (28 c.c., 5-5 mols.). The solution after refluxing was dissolved in benzene 
(300 c.c.), and then thoroughly extracted with dilute hydrochloric acid, washed with water, dried, and 
evaporated. The crude solid residue was recrystallised from benzene. The colourless crystals so 
obtained when further recrystallised (alcohol) gave 2-p-chlorophenylindole, m. p. 204—205° (alone and 
mixed). The benzene mother-liquor was evaporated, and the solid residue on crystallisation (acetic 
acid, alcohol) afforded 3-p-chlorophenyl-l-ethylindole, m. p. 78—79° (alone and mixed). (vi) Expt. 
(iii) was repeated, using N-ethylaniline (9 c.c., 4 mols.). copious precipitate was again collected 
and when washed with alcohol and recrystallised (glycol momomethyl ether) gave 2-p-phenylylindole, 
m. p. 304—306° (alone and mixed). The filtrate from the original a was poured into dilute 
hydrochloric acid, and the solid which separated was recrystallised from benzene. e crystals which 
now separated were clearly a mixture and were discarded. The benzene mother-liquor was evaporated 
to dryness and recrystallised (acetic acid) : the first crop which ted was still impure and was also 
discarded, but the second crop, which separated slowly, when again recrystallised (acetic acid) afforded 
3-p-phenylyl-l-ethylindole, m. p. 107-5—109-5° (alone and mixed). In both expts. (iii) and (vi) the 
low solubilities of the two phenylylindoles produced made their separation much more difficult than 
that of the indoles arising in the other experiments. 

These results explain Culmann’s isolation of 2-phenylindole by the interaction of phenacyl bromide 
and N-methylaniline (Ber., 1888, 21, 2595), which in.Part I (Joc. cit.) had been attributed to the use of 
impure N-methylaniline. 

Interaction of p-Substituted Phenacyl-N-alkylanilines with N-Alkylanilines in the Presence of Acids 
(cf. Table V).—These experiments were similar to those in the previous section, and only the first is 

iven in detail. Inthe other experiments, the separation of the two indoles was not significantly different 
tom that in the corresponding experiment in the previous section and is consequently not described. 
The identity of each indole isolated was confirmed by a mixed m. p. with an authentic sample: in no 
case was a depression observed. (i) A mixture of pets weenen (4 g.), 
N-methylaniline hydrobromide (3 g., 1 mol.), and N-methylaniline (16-5 c.c., 10 mols.) was refluxed for 
12 hours, and the cold product poured into excess of dilute hydrochloric acid. The brown precipitate 
after two recrystallisations {alcohol) had m. p. 90—168°. It was then recrystallised from benzene and 
again from alcohol, and afforded 2-p-tolylindole, m. p. 218-5—219-5°. The benzene mother-liquors 
were evaporated, and the residue when recrystallised (alcohol) gave 2-p-tolyl-l-methylindole, m. p. 
94—96°. (ii) p-Chlorophenacyl-N-methylaniline (4 g.), N-methylaniline hydrobromide (2-7 g., 1 neil, 
and N-methylaniline (10 c.c., 6 mols.) were refluxed for 1 hour and then afforded 2-p-chlorophenylindole, 
m. p. 204—205°, and 2-p-chloropheny]-1-methylindole, m. p. 119—120°. Repetition of this experiment 
using N-methylaniline hydrochloride (2 g., 1 mol.) in place of the hydrobromide afforded the same 
two indoles. Repetition of the experiment with the omission of the hydrobromide gave a product 
which when recrystallised (alcohol) afforded the unchanged phenacylamine, m. p. 109° (alone and 
mixed). (iii) p-Phenylphenacyl-N-methylaniline (3 g.), N-methylaniline hydrobromide (1-9 g., 1 mol.), 
and N-methylaniline (10 c.c., 10 mols.) when refluxed for 2-5 hours afforded 2-p-phenylylindole, m. p. 
304—306°, and 3-p-phenylyl-l-methylindole, m. p. 132—133-5°. Repetition of this experiment with 
omission of the hydrobromide gave the unchanged phenacylamine (alcohol), m. p. 153-5—154-5° (alone 
and mixed). (iv) p-Chlorophenacyl-N-ethylaniline a g.), N-ethylaniline hydrobromide (2-6 g., 1 mol.), 
and N-ethylaniline (10 c.c., 6 mols.) when refluxed for 1 hour gave 2-p-chlorophenylindole, m. p. 
204—-205°, and 3-p-chlorophenyl-l-ethylindole, m. p. 79—80°. Repetition of this experiment using 
N-ethylaniline hydrochloride (2-0 g., 1.mol.) in place of the h romide gave the same product. 
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Repetition of the experiment with omission of the hydrobromide gave ultimately the unchanged 
phenacylamine. 


A mixture of p-phenylphenacy] bromide (5 g.) and N-dimethylaniline (15 c.c., 6-5 mols.) was heated 
at 100° for 30 minutes, by which time a crystalline deposit had formed, and was then refluxed for 7 hours, 
cooled, and poured into excess of dilute hydrochloric acid. The precipitate when collected, washed, and 
recrystallised (alcohol) afforded p-phenylphenacyl-N-methylaniline, m. p. 153—155° (alone and mixed). 
The same product was obtained when a mixture of p-phenylphenacyl-N-dimethylanilinium bromide, 


+ 
[NPhMe,°CH,°CO-C,H,’Ph]Br (2 g.), and N-dimethylaniline (8 c.c.) was refluxed for 7 hours and then 
treated as above. 

To illustrate the stability of the phenacylamines in absence of acid, the following experiments were 
performed with p-phenylphenacyl-N-methylaniline. (a) The compound was distilled at 18 mm. The 
distillate readily solidified and when recrystallised (alcohol) afforded the unchanged material, m. p. 
151-5—153-5°. (b) The compound was heated in a sealed tube at 180° for 5 hours. Recrystallisation 
again gave the pure unchanged material. (c) A mixture of the compound (2 g.) and o-dichlorobenzene 
(5 c.c.) was refluxed for 3 hours. After cooling, the crystalline deposit was collected and recrystallised 
(alcohol—acetone), and gave the unchanged material. Experiment (a) was repeated using p-phenyl- 
phenacyl-N-ethylaniline, and recrystallisation of the solid distillate again gave the unchanged compound. 

3-p-Phenylyl-1-methylindole Dipicrate——The composition of this picrate is exceptional, and the 
presence of the second molecule of picric acid may be due to the general aromatic influence of the 
p-phenylyl group. Cold saturated alcoholic solutions of the indole and of excess of picric acid were 
mixed and evaporated under reduced pressure at room temperature until a dark crystalline deposit 
formed. This was collected and twice recrystallised (alcohol containing free picric acid), and afforded 
the dipicrate as a dark brown crystalline powder, m. p. 135—136° (Found: C, 53-5; H, 3-2; N, 13-4, 
C,,H,,N,2C,H,O,N, requires C, 53-5; H, 3-1; N, 13-2%). The salt tends to dissociate in solution, and 
recrystallisation should preferably be carried out from the almost cold solution. 


We gratefully acknowledge the gift of chemicals from Imperial Chemical Industries Ltd. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, June 4th, 1947.) 


170. The Mechanism of Indole Formation from Phenacylarylamines. 
Part III. The Conditions and Mechanism of the Isomerisation and 
Indolisation of Phenacylarylamines. 

By FrED Brown and FREDERICK G. MANN. 


It is shown that a phenacylarylamine of type NHPh-CHR-COR’, where R and R’ are both 
aryl groups, may have considerable stability in the pure state. When heated to moderate 
temperatures in the presence of small quantities of acid, however, it may readily isomerise to 
the phenacyl compound NHPh-CHR”-COR, and at higher temperatures, also in the presence of 
acids, may then indolise : the indole thus obtained from either of the isomeric phenacylamines 
will therefore be the 2-R’ : 3-R-indole formed by cyclisation of the second and more stable 
phenacylamine. If an N-alkyl group R” is inserted in the phenacylamines, the two resulting 
isomers,'NR’’Ph-CHR-COR’ and NR’’Ph:CHR”-COR, do not undergo detectable interconversion, 
and consequently undergo indolisation almost invariably by direct cyclisation. 

The bearing of these results and of those described in Part II (preceding paper) upon the 
~— problem of the indolisation of ———— is discussed, and a reaction mechanism 

or the above isomerisation and the indolisation is suggested. 


In reconsidering the various possible mechanisms for the indolisation of phenacyl primary 
arylamines and similar compounds, we were impressed by the fact that most of the published 
evidence was derived from compounds of the type NHPh°CH,°COR, where R was an aryl or 
alkyl group, or from compounds of type NHPh°CHR”COR, where R was aryl and R’ alkyl or 
vice versa. It appeared to us that decisive evidence for the mechanism of the indolisation, 
and even more for that of the isomerisation of the phenacylamines themselves, would more 
probably be obtained if the use of the comparatively mobile alkyl groups were avoided, and 
compounds of the type NHPh-CHR’”-COR, where both R and R’ were aryl groups, were alone 
employed : for this purpose it was clearly desirable that the groups R and R’ should be closely 
alike so that if possible neither should exert a dominant influence over the course of subsequent 
reactions. (For identification of the ultimate position of each of these two groups, they clearly 
had to be different.) 

For this purpose, p-tolyl benzyl ketone was prepared by the action of phenylacetyl chloride 
on toluene, and then brominated to give p-tolyl a-bromobenzyl ketone, Ph-CHBreCOTol.* This 
compound readily reacted with aniline in boiling alcoholic solution to give 1-phenyl-p-methyl- 
phenacylaniline (I), m. p. 137°. In the isomeric series, phenyl p-methylbenzyl ketone was 


* Throughout this paper, the symbol “ Tol ’’ is employed to denote the p-tolyl group. 
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similarly prepared by the action of p-tolylacetyl chloride on benzene, and then brominated to 
phenyl a«-bromo-p-methylbenzyl ketone, TolhCHBreCOPh. When this compound was boiled with 


(I.) NHPh:CHPh:COTol NHPh:CHTol-COPh (IL.) 


aniline in alcoholic solution, however, a viscous syrup was obtained, from which ultimately the 
crystalline compound (I) was significantly obtained. When, however, equimolecular quantities 
of the bromo-ketone and aniline were shaken in cold alcoholic solution with potassium carbonate 
for 18 hours, the pure 1-p-tolylphenacylaniline, (II), m. p. 71°, was isolated. These reactions in 
themselves indicated strongly that (II) might undergo conversion into the isomeric compound 
(I) under suitable conditions: the stability and reactions of each of these phenacylamines were 
therefore studied in considerable detail. Again, the identity of each indole obtained in this 
section of the work was confirmed both by analysis and by direct comparison with authentic 
indoles prepared by Fischer’s synthesis. It will be noted that 1-phenyl-p-methylphenacyl- 
aniline (I), if it underwent indolisation by direct cyclisation, would give 2-phenyl-3-p-tolylindole 


CPh 
R 


(III, R = H), whereas the isomeric 1-p-tolylphenacylaniline (II) would similarly give 3-phenyl- 
2-p-tolylindole (IV, R = H). 
The properties and reactions of the phenacylamine (I) are summarised in Table I. 


TaBLeE I. 
Reactions of 1-Phenyl-p-methylphenacylaniline, NHPh*CHPh:COTol (I). 
(1) Heated alone, 195—200°, 30 mins. Unchanged 
(2) Fused + ZnCl, (11 mols.), 180°, 15 mins. 
(3) Fused + ZnCl, (11 mols.), 220°, 15 mins. Extensive a. : 
(4) Heated + NH,Ph,HBr (0-006 mol.), 195—200°, 30 mins. Converted into 2-phenyl-3-p-tolyl- 


indole 


(5) Boiled + NH,Ph (15-5 mols.) + NH,Ph,HBr (1 mol.), 1 hr. 


It will be seen that the pure phenacylamine (I) has considerable stability : moreover it does 
not show the comparatively ready indolisation with fused zinc chloride that, for example, 
phenacylaniline, NHPh°CH,°COPh, undergoes (cf. p. 869). On the other hand, it is clearly very 
susceptible to the action of traces of acids, and then undergoes indolisation by divect cyclisation. 
(The term “‘ direct cyclisation ’’ is employed here to denote cyclisation without isomerisation 
at any stage, irrespective of the mechanism involved.) The result of Expt. 5 indicated that 
p-tolyl «-bromobenzyl ketone, Ph*CHBr-COTol, when boiled with excess of aniline should also 
give 2-pheny]-3-p-tolylindole, and experiment confirmed this deduction. 

The fact that only the indole obtained by direct cyclisation was found in the above reactions 
also indicated that the corresponding phenacyl secondary amines, namely, 1-phenyl-p-methyl- 
phenacyl-N-methylaniline, NMePh°CHPh’COTol, and its N-ethyl homologue, would similarly 
indolise when treated either with alcoholic or with fused zinc chloride, although certain of our 
earlier phenacyl secondary amines gave different types of indolisation under these two conditions 
(cf. Part II, TablesIandII). The results recorded in Table LA show that in all cases indolisation 
by direct cyclisation has now occurred, producing 2-phenyl-3-p-tolyl-1-methyl- and 2-phenyl-3- 
p-tolyl-1-ethyl-indole (III, R = Me and Et). 


TABLE IA. 

Reactions of 1-Phenyl-p-methylphenacyl-N-alkylanilines, NRPh*CHPh:COTol. 
R= Me.—(1) Boiled + alcoholic ZnCl, (23 mols.), 5 hrs. Converted into 2-Ph-3-Tol-1-Me-indole 
Fused + ZnCl, (11-5 mols.), 200°, 30 mins. 
R= Et.— Boiled + alcoholic ZnCl, (12 mols. Shrs. Converted into 2-Ph-3-Tol-1-Et-indole 
(4) Fused + ZnCl, (12 mols.), 200°, 30 mins. 06 


Our preparation of the two isomeric phenacylamines (I) and (II) indicated that the second 
compound, 1-p-tolylphenacylaniline (II), was much the less stable. Its properties and reactions 
were therefore studied in considerable detail (Table II). Expts. 1—8 in Table II were performed 
in pure -butyl alcohol: this alcohol was used instead of ethyl alcohol in order to obtain a 
higher temperature and also the more readily to secure anhydrous conditions. 
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II. 
Reactions of 1-p-Tolylphenacylaniline, NHPh*CHTol*COPh (II). 
(1) Heated alone, 195—200°, 30 mins. Unchanged 
(2) Boiled in BuOH, alone, 30 mins. an 
3) + NH,Ph (1 mol.), 30 mins. 
4) a »» + NH,Ph,HBr (0-07 mol.), 30 mins. Largely un 
5) = » + NH,Ph,HBr (1 mol.), 30 mins. Isomerised to (I 
6 “ » + NHEtPh,HBr (1 mol.), 30 mins. Largely unchanged 
7 on » + HBr-HOAc soln.* (0-05 c.c.), 30 mins. Mixture of (I) and (II) 
8 je + HBr-HOAc soln.* (0-05 c.c.), 5 hrs. Isomerised to (I) 
9 oo NH,Ph (15-5 mols.), alone, 1 hr. Unchanged 
(10 » in NH,Ph “5 J NH,Ph,HBr Converted into 2-Ph-3-Tol-indole f 
1 mo 
(11) Heated + NH,Ph,HBr (0-017 mol.), 195—200°, 30 mins. at 


* This solution contained 50 g. HBr/100c.c. soln. 
+ Both these — were Sitially impure and may have contained both 2-phenyl-3-p-tolyl- and 
$-phlenyl-2-p-toly indole: only the former could be isolated. 


Certain very important deductions arise from these results. 

(i) The phenacylamine (II) has clearly considerable stability in the pure state or in neutral 
solution, and under these conditions gives no indication of isomerisation to the phenacylamine 
(I) even at high temperatures (Expts. 1, 2, 3, 9). 

(ii) In the presence of acids and at moderate temperatures, however, it may undergo a rapid 
and often apparently complete isomerisation to the phenacylamine (I) (Expts. 4—8). For this 
purpose, aniline hydrobromide is apparently a more active catalyst than hydrogen bromide, for 
we find that 1-p-tolylphenacylaniline hydrobromide when boiled in butyl alcohol for 30 minutes 
was unchanged : this is equivalent of course to the phenacylamine (II) plus 1 mol. of hydrogen 
bromide, yet in Expt. 5, the phenacylamine (II) plus 1 mol. of aniline hydrobromide under 
otherwise identical conditions underwent isomerisation to (I). 

(iii) In the presence of acids but at higher temperatures (Expts. 10, 11) the phenacylamine 
(II) undergoes indolisation, but the nature of the indole produced indicates strongly that now 
isomerisation precedes indolisation, since the indole obtained is that which is known to be formed 
by the indolisation of the phenacylamine (I) under identical conditions (Table I). To prove this 
point, 3-phenyl-2-p-tolylindole (IV, R = H), i.e., the indole which would be formed by direct 
cyclisation of the phenacylamine (II), was prepared by Fischer’s synthesis and its stability 
investigated. It proved to be unchanged when fused with zinc chloride at 200° for 30 minutes, 
and also when boiled in aniline containing 1 mol.-equiv. of aniline hydrobromide for 30 minutes. 


It is clear therefore that this indole could not have been an intermediate in the formation of the. 


isomeric indole (III, R = H) in Expts. 10 and 11, and that the latter indole almost certainly 
had been formed by isomerisation of the phenacylamine (II) followed by indolisation of (I) by 
direct cyclisation. The nature of the crude initial product obtained in Expts. 10 and 11 
indicated that possibly direct cyclisation of (II) to give the stable indole (IV) occurred initially 
to a small extent, but that the main reaction was isomerisation to (I) followed by indolisation 
to (III). 

A further important fact in this connection is that the pure dry 1-p-tolylphenacylaniline 
hydrobromide when heated alone at 205—210° for 10 minutes underwent considerable 
decomposition, giving phenyl ~-methylbenzy] ketone, ToleCH,°COPh, but no isomerisation or 
indolisation could be detected. This confirms the (unpublished) results of Crowther, Mann, 
and Purdie (cf. Part I., J., 1943, 58), who found that pure phenacylaniline hydrobromide on 
being heated underwent decomposition without detectable indolisation. This remarkable 
difference between the pure hydrobromide and the phenacylamine mixed with a much smaller 
proportion of hydrogen bromide must be considered in any reaction mechanism. 

In view of the labile nature of 1-p-tolylphenacylaniline (II), the stability and reactions of 
the corresponding 1-p-tolylphenacyl-N-methylaniline, NMePh°CHTol-COPh, and its N-ethyl 
homologue were clearly of considerable importance. These are summarised in Table ITA. 

This Table also reveals some important factors. 

(i) Neither of the above N-alkylphenacylamines gave any direct evidence of isomerisation 
to the corresponding compounds of formula NRPh°CHPh:COToIl. 

(ii) The two N-alkyl compounds showed one remarkable difference, in that the N-ethyl 
compound under the influence of either alcoholic or fused zinc chloride underwent indolisation 
by direct cyclisation, whereas the N-methyl compound behaved similarly only under the 
influence of alcoholic zinc chloride, but under the influence of fused zinc chloride gave the 
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TaBLeE IIA. 
Reactions of 1-p-Tolylphenacyl-N-alkylanilines, NRPh*CHTol-COPh. 


R = Me. “2 Boiled in BuOH + NH,Ph,HBr (1 mol.), 30 mins. | Unchanged 
NHMePh,HBr (1 mol.), 30 mins. 


(3) + NHMePh, ‘HBr (1 mol.), 4 hrs. a .* 

(4) Boiled oa alcoholic ZnCl, (11-5 mols.), 5 hrs. Converted into 3-Ph-2-Tol-1-Me-. 
indole (IV, R = Me) 

(5) Fused + ZnCl, (11-5 mols.), 200°, 30 mins. Converted into 2-Ph-3-Tol-1-Me- 


indole (III, R = Me) t 
R= ie Boiled in BuOH t NH,Ph,HBr (1 mol.), < mins. Unchanged 
NHEtPh,HBr (1 mol.), 30 mins. - 
Boiled + (12 ‘mols.), 5 hrs. Converted into 3-Ph-2-Tol-1-Et- 
— (IV, R= Et) 
(9) Fused + ZnCl, (12 mols.), 200°, 30 mins. a - Tt 
* Yield of pure unchanged product from crude peetent was low. 
+ Yield of indole was low. 


isomeric 2-phenyl-3-p-tolyl-1-methylindole (III, R = Me). This indole could not have arisen 
by the intermediate formation and subsequent isomerisation of 3-phenyl-2-p-tolyl-1-methylindole 
(IV, R = Me), because we find that the latter indole, after fusion with zinc chloride at 200° for 
30 minutes, can be recovered almost entirely unchanged. It should be noted, however, that 
crude product obtained in Expts. (5) and (9) required a long purification resulting in a low 
yield of the final component, and the possibility of the presence of the isomeric indole in the 
crude product from each experiment cannot be precluded. 

It follows that any mechanism for the indolisation of phenacylamines, when applied to our 
compounds, must account for the following main factors : 

(A) The pure phenacylamines (I) and (II) are stable up to 200°. 

(B) The phenacylamine (II) is readily isomerised to (I) by acid catalysts at moderate 
temperatures, but when N-alkylated is not thus isomerised. Aniline hydrobromide is a more 
effective catalyst than hydrogen bromide. The reverse isomerisation, from (I) to (II), was 
never detected and therefore cannot occur to more than a negligible extent. 

(C) The phenacylamine (I) is cyclised to the normal indole by acid catalysts at higher 
temperatures, but the phenacylamine (II) under these conditions is apparently first isomerised 
to (I) and therefore gives the same indole. 

(D) The phenacylamine (I) when N-methylated or -ethylated always gives the normal 
indole by direct cyclisation. The phenacylamine (II) when N-ethylated also gives the normal 
indole by direct cyclisation, but when N-methylated does so under the influence of alcoholic 
zinc chloride but gives the isomeric indole under the influence of fused zinc chloride. 

(EZ) The pure dry hydrobromide of the phenacylamine (II) when heated decomposes without 
perceptible isomerisation or indolisation. 

The fundamental factor here is the mechanism of the acid-catalysed isomerisation of the 
phenacylamine (II) to (I): if this is a general process, the products of indolisation could be 
readily explained; for example, it would follow that the production of 2-phenylindole from 
phenacylaniline, NHPh*CH,*COPh, might occur by the initial conversion of this compound into 
the isomer NHPh*-CHPh:-CHO, which would then undergo direct cyclisation. 

To account for the isomerisation of the phenacylamine (II) to (I), we tentatively suggest the 
following considerations. Since the phenacylamine (II) undergoes no reactions in the absence 
of acids, the first stage must be proton addition. This might occur at the nitrogen atom to give 
the cation (Va) and at the oxygen atom to give the cation (Vb), although the first process must 
strongly predominate. Since, however, the hydrobromide of (II), which must contain the cation 
(Va), does not show either isomerisation or indolisation, this cation is clearly inactive. 
Consequently the cation (Vb) must be that involved, in spite of its low concentration : it would 
of course be expected to possess a very much greater reactivity than (Va). Now it is significant 
that aniline hydrobromide is a more effective catalyst than hydrogen bromide: moreover, 
aniline must always be present in the acid-catalysed system, as the acid would react to some 
extent with any phenacylaniline to give the phenacyl bromide and aniline. Consequently the 
next stage is probably. direct addition of aniline to (Vb) to give the cation (VIa), which will 
certainly be in dynamic prototropic equilibrium with the amine (VIb) produced by normal 
dissociation of the salt, and with the isomeric cation (VIc). Now if the cation (VIc) is to be 
converted into the phenacylamine (I), this process must involve at some stage (i) loss of the 
aniline residue attached to carbon atom I, (ii) migration of the OH group from carbon atom 2 to 
carbon atom I, (iii) the final loss of a proton, although these three processes may not necessarily 


f 
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occur in this order. We suggest that (i) occurs first, producing aniline and the very reactive 
cation (VII), and is immediately followed by (ii) to give the cation (VIII). The conversion of 
this cation into the phenacylamine (II) would then rapidly proceed by normal electronic and 


| Ht 


+NH,Ph 
(II.) (Va.) 
|= 
(Vb.) (VIa.) (VIb.) 
Ph Tol-CH—CPh Tol 
+ <— 
H NHPh oft f 
Tol Tol*CH—CPh Tol Ph Tol HPh 
H +NHPh H NPh H NHPh HPh 
(IX.) (X.) (1.) 


tautomeric changes, namely, loss of a proton through the intermediate formation of the cation 
(IX) to give the anil (X), followed by tautomerisation through (XI) to the phenacylamine (I). 

This mechanism if correct must provide a reasonable interpretation of the main factors 
(A)—(E) outlined above. To consider them in order : 

(A) The pure phenacylamines (I) and (II) are stable up to 200° because reaction involves 
proton addition. 

(B) The critical point is why the phenacylamine (II) is isomerised to (I) and not 
vice versa. This implies by our mechanism that loss of the positively-charged aniline residue 
attached to carbon atom 1 in the cation (VIc) must be more ready than the loss of that 

1 2 attached to carbon atom 2 in the cation (VId) which would be 
Ph-CH————CTol formed in the conversion by an identical mechanism of the 

0 ra —— phenacylamine (I) into the isomer (II). It must be borne 
(VId.) in mind, however, that this predominant stability of one phenacyl- 

‘ amine over its isomer is not general. For example, Julian 

et al. (J. Amer. Chem. Soc., 1945, 67, 1203) have shown that both a-anilinodibenzyl 
ketone, and its isomer 
Ph:CO-CH(NHPh)-CH,Ph, when heated with a mixture of aniline and aniline hydrobromide 
give a mixture of 3-phenyl-2-benzyl- and 2-phenyl-3-benzyl-indole. This would entail that 
in this series the two isomeric cations, corresponding to our cations (VIc) and (VId), must have 
approximately equal stability, and each loses its positively changed aniline residue, so that a 
mixture of the two indoles results. To explain why in our phenacylamines the isomerisation 
apparently goes solely from (IT) to (I), it must be noted that during the conversion of the cation 


+ + 
(VIc) into (VII), i.e., during the fission Tol-CH(*"NH,Ph)- —-> NH,Ph + Tol’CH-, the electrons 
forming the bond between the nitrogen atom and carbon atom 1 remain with the nitrogen, and 
the Cl atom acquires a positive charge until the migration of the hydroxyl group from C2 to Cl 
transfers this charge to C2 in the cation (VIII). Clearly, therefore, this fission will be promoted 
by a high electron density at Cl, or by the ability of the atom Cl to carry a positive charge. 
These conditions will occur in the cation (VIc), by virtue of the polar.effect of the p-methyl 
group in the tolyl radical, to a much greater extent than in the cation (VId), and it is apparently 
this stage that determines the direction of the isomerisation. It would therefore be of great 
interest to study the stabilising effect of competing p-substituents, for example ~Cl and —Br, 
in the two aryl groups R and R’ in isomeric phenacylamines of type (I) and (II). 

(C) Although the conversion of the phenacylamine (II) into the more stable isomer (I) 
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under the influence of acids can thus be explained, it is still necessary to explain why this stable 
isomer also requires an acid to promote indolisation by direct cyclisation. We suggest that here 
again it is the cation of type (Vb) which is the active intermediate, since it is known that cations 
of type (Va) give neither isomerisation nor indolisation. The more stable 1-phenyl-p-methy]l- 
phenacylaniline (I) would therefore by proton addition give the cation (Vc), identical in type 
with (Vb), and this cation would then lose a proton to give the 3-hydroxyindoline (XII), which 


Tol Tol . 
(+3 —- OW —> Ht + ol H,0 
AZ \ HPh \ Ph 

NH H 

(L.) (Ve.) (XII) 


would undergo ready dehydration to 2-phenyl-3-p-tolylindole. A similar mechanism could 
clearly be applied to the acid-catalysed direct cyclisation of phenacyl-N-alkylanilines to 
3-aryl-l-alkylindoles (cf. Part II). 

Although this may well be the acid-catalysed mechanism by which a “‘ stable ’’ phenacylamine 
(i.e., a phenacylamine not showing isomerisation) undergoes cyclisation to an indole, it is not 
necessarily the only mechanism of indole formation. We have discussed a possible mechanism 
by which the phenacylamine (II) when heated with acids at moderate temperatures undergoes 
isomerisation to the phenacylamine (I). When, however, the phenacylamine (II) is heated at 
higher temperatures with acids (Expts. 10, 11; Table II), it undergoes ultimately conversion 
into 2-phenyl-3-p-tolylindole. It is impossible to say whether this process consists first in the 
complete isomerisation of (II) to (I), followed by the acid-catalysed cyclisation of (I) to the 
indole as indicated above, or whether the intermediate cation (VII), which at the lower 
temperature rearranged to the cation (VIII), now at the higher temperature undergoes direct 


(OH)-Ph —> H* + (OH)-Ph ph + 
(VIL.) 


cyclisation (with loss of a proton) to the 2-hydroxyindoline, which then furnishes the 
2-pheny1-3-p-tolylindole. 

(D) Phenacyl-N-alkylanilines require in general much more vigorous conditions for 
indolisation than the unalkylated phenacylanilines, and almost invariably indolise by direct 
cyclisation : the formation of the isomeric indole by zinc chloride fusion is occasionally observed 
with N-methylphenacylanilines but only very rarely with the N-ethyl homologues (cf. Part II). 
The most striking difference in this behaviour is shown by 1-p-tolylphenacylaniline (II) and its 
N-alkyl] derivatives, and this compound will therefore be selected to illustrate the application 
of our mechanism. 

It has been‘shown by Hall and Sprinkle (J. Amer. Chem. Soc., 1932, 54, 3469) 
that the strength as bases of the N-methylated anilines increases in the order 
NH,Ph, NHMePh, NMe,Ph, but that the introduction of an N-ethyl group into aniline has 
an even greater effect, so that the difference in basic strength between NHEtPh and NHMePh 
is greater than that between NHMePh and NH,Ph : furthermore, the introduction of an N-ethyl 
group into a secondary amine causes an exceptionally large increase in basic strength. 
Consequently it follows that the difference in basic strength between a phenacyl-N-ethylaniline 
and a phenacyl-N-methylaniline will be even greater than that between the latter compound 
and the corresponding unalkylated phenacylamine. When therefore a 1-p-tolylphenacyl-N- 


(XIIIb.) (XIIL.) (XIIIa.) 
Tol-< 
(XIVa.) (XIVb.) 


alkylaniline (XIII) is converted into a salt, its strongly basic character will cause the cation to 
exist almost entirely in the inactive form (XIIIa) and only a very small proportion of the active 
3L 
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isomeric cation (XIIIb) will be formed. Since, however, it is only the latter cation that can 
indolise, this process will be slower and demand more vigorous conditions than in the unalkylated 
phenacylanilines, where the corresponding cations of type (Vb) must be formed more readily 
and in a proportion which, although still small, is greater than in the N-alkyl series. These 
more vigorous conditions, however, cause the very reactive cation (XIIIb) to undergo direct 
indolisation by the mechanism already described, with the formation of 3-phenyl-2-p-tolyl-1- 
alkylindole. The only exception is the action of fused zinc chloride on the N-methy] derivative 
at 200°, giving 2-phenyl-3-p-tolyl-l-methylindole. In these circumstances, the hydrogen 
chloride inevitably present must cause some disproportionation to the 1-chloro-ketone and 
N-methylaniline: the latter may then add on to the cation (XIIIb) to give the cation (XIVa) 
which again will be in prototropic equilibrium with the isomeric cation (XIVb). On the basis of 
our previous scheme (p. 862), it will be the latter cation which loses the positively charged 
methylaniline from the Cl atom, and thus gives the 2-phenyl-3-p-tolyl-l-methylindole. In 
the more strongly basic N-ethyl series, the cation of type (XIIIb) is formed in very small 
quantity, and at the high temperature undergoes immediate direct cyclisation without 
appreciable formation of by-products of the type of (XIVa) and (XIVb). Our mechanism does 
explain therefore why the formation of the isomeric indole from a phenacylaniline will occur only 
occasionally in the more basic N-methyl series and very rarely in the far more basic N-ethyl 
series. 

(EZ) The reason why pure dry phenacylaniline hydrobromides do not give indoles on heating 
becomes clear on our mechanism, namely that in these compounds the cation exists almost 
solely in the form (Va), and the active cation of type (Vb) is therefore present in negligible 
proportion : consequently thermal decomposition occurs more readily than indolisation. 

The fact that aniline hydrobromide is a much more effective catalyst for indolisation than 
aniline hydrochloride (cf. Parts I and II) is also now explained. The aniline hydrochloride, 
being the salt of a stronger acid, is less dissociated under the conditions employed than the 
hydrobromide, and therefore provides a lower concentration of the protons required for the 
first stage of this process. 

Certain further points deserve brief discussion. Our reaction mechanism explains why the 
phenacylamine (II) in boiling butyl alcohol is readily isomerised by one molecular equivalent of 
aniline hydrobromide but much less readily by one equivalent of N-ethylaniline hydrobromide 
(cf. Expts. 5, 6; Table II). The latter salt will be less dissociated and consequently will give 
a lower concentration of protons. Moreover, the cation formed by addition of N-ethylaniline 
and corresponding to (VIa) will now be (XVa), and because of comparative basic strengths this 


NHPh OH ft SNHEtPh +NH,Ph On 


cation will be formed to the almost complete exclusion of the isomeric cation (XVb). But the 
cation (X Va) can lose only its positively-charged amine residue and hence can only revert to the 
original cation (Vb). Formation of the indole (III, R = H) must therefore await liberation of 
aniline by disproportionation followed by the sequence of reactions already described (p. 862). 

An explanation of the ready conversion of phenacylaniline into 2-phenylindole under 
acid-catalysed conditions is also now available. This simple compound differs from those 
employed in the mechanism-scheme on p. 862 in that only the C2 atom is directly joined to an 
aryl group. Consequently, in the absence of an aryl group joined to the Cl atom, the active 


(XVa.) 


» Ht H+ 
+NH,Ph —?> HPh oft WH,Ph 


(XVIa.) (XVIb. (XVIIa.) 


(XIXb.) (XIXa.) (XVIIL.) (XVIIc.) 


cation (XVIb) is formed in an unusually high proportion to the inactive cation (XVIa), because 
the positive charge on the C2 atom in (XVIQb) is partly stabilised by the direct linkage of this 
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atom to the phenyl group. This cation is therefore available for direct addition of aniline to 
give the cation (X VIIa) which in turn is in equilibrium with the cation (XVIIc). The latter 
then loses the positively charged aniline residue on the Cl atom, to form the reactive cation 
(XVIII) which owing to high reactivity can have only a transient existence. It either undergoes 
direct cyclisation with loss of a proton to give the 2-hydroxyindoline which then loses water to 
give the indole, or the isomerisation process goes one stage further to form the cation (XI Xa) ; 
this is in prototropic equilibrium with (XIX), i.e., with the cation that the isomeric 
phenacylamine, namely anilinophenylacetaldehyde, CHPh(NHPh)*CHO, must form for acid- 
catalysed cyclisation to 2-phenylindole. This promotion of the formation of reactive cations of 
type (XVIb) will apply to all phenacylanilines of type NHPh’CH,°COR, i.e., to those in which 
the aryl substituent is attached solely to the C2 atom. 

We are not claiming that the above reaction mechanisms are necessarily correct or complete : 
we claim solely that they appear to us to conform more closely to the considerable volume of 
experimental evidence, and to be chemically more probable, than any of the other reaction 
schemes that we have considered. They supersede the mechanism which was suggested in 
Part I (J., 1943, 62), and which was based on considerably less knowledge than is now 
available. 

There is one novel and striking reaction of certain phenacylanilines that lies outside the 
above scheme of reactions. In the course of the work described in Part I, Crowther, Mann, and 
Purdie (/oc. cit.) had found that phenacyl-p-toluidine, NHTol*-CH,-COPh, when heated with 
aniline hydrobromide (0°01 mol.) at 180° for 10 minutes gave a colourless crystalline compound 
of formula C,,H,,ON. This reaction was a notable exception to that of all the other 
phenacylanilines previously studied, which under the influence of the aniline hydrobromide 
readily gave the simple 2-arylindoles. We have investigated this reaction further, and it is 
highly probable that the product is either 1-phenacyl-2-phenyl-5-methylindole (XX) or its 
3-phenyl isomer (XXI). 1-Phenacylindoles have not previously been recorded, and it was of 
interest to elucidate what groups in a substituted phenacylaniline determine this abnormal 
type of indolisation, and also by what mechanism these 1-phenacylindoles are formed. On the 


M H M Ph 
(XX.) On (XXL) 
H,-COPh HyCOPh 


first point we find that phenacyl-p-ethylaniline, CsH,Et‘NH°CH,°COPh, similarly gives 
1-phenacyl-2(or 3)-phenyl-5-ethylindole. On the other hand, phenacyl-3 : 4-dimethylaniline, 
and phenacyl-p-chloroaniline, CgH,Cl-NH°CH,°COPh, under similar 
conditions are converted normally into 2-phenyl-4: 5 (or 5: 6)-dimethylindole and 5-chloro-2- 
phenylindole respectively. Although there is insufficient evidence for generalisation, it would 
appear that this reaction proceeds only if the aniline residue in the phenacylaniline has only one 
substituent, and that substituent must be a p-alkyl group. 

Since pure phenacyl-p-toluidine was unchanged by being heated at 180° for 10 
minutes, it is probable that the mechanism by which the 1-phenacy]-2(or 3)-phenyl-5-methyl- 
indole arises is first by the action of the hydrogen bromide forming the phenacylamine 
hydrobromide (Reaction a), which then dissociates to p-toluidine and phenacyl bromide 
(b), and the latter then reacts with more phenacylamine to form diphenacyl-p-toluidine 
and hydrogen bromide (c). The diphenacyl-p-toluidine under the influence of the 
acid catalyst gives the usual ready indolisation (d). In confirmation of this, we find 


(a) NHTol-CH,°COPh + HBr —» [NH,Tol*CH,°COPh]Br 

(6) (NH,Tol*CH,-COPh]Br —> NH,Tol + Br-CH,*COPh 

(c) NHTolCH,-COPh + Br-CH,-COPh —-> NTol(CH,*COPh), + HBr 
NTol(CH,-COPh), —-> 1-Phenacyl-2(or 3)Ph-5-Me-Indole + H,O 


reaction (c) does occur very readily when the two reactants are boiled in alcoholic solution, and 
that the pure dry diphenacyl-p-toluidine when heated with a trace of p-toluidine hydrobromide 
at 200° is readily converted into the phenacylated indole. We have not, however, established 
decisively the position of the phenyl group in the final 2(or 3)-phenyl-5-methylindole. This 
compound does not form a picrate or a nitroso-derivative, is unaffected by boiling alcoholic 
hydrogen chloride, and on oxidation gives indefinite products. We have made many attempts 
to phenacylate both 2-phenyl- and 3-phenyl-5-methylindole, but all our experiments gave 
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either unchanged indole or an intractable product from which no pure component could be 
isolated.* 


EXPERIMENTAL. 


The names of solvents are cited as in Part II (p. 853); N-alkylanilines were purified as described in 
Part II. All phenacyl bromides and indoles were colourless and all phenacylamines were yellow. All 
molecular weight determinations, unless otherwise stated, were ebullioscopic. 

Ketones.—p-Tolyl benzyl ketone was prepared by the action of phenylacetyl chloride on toluene in 
the presence of aluminium chloride (cf., Mann, Ber., 1881, 14, 1645) and then recrystallised; colourless 
crystals, m. p. 109—110°. Mann (loc. cit.) gives m. p. 107-5°, and Strassmann (Ber., 1889, 22, 1231) 
gives 109°. enyl p-methylbenzyl ketone, similarly prepared by the action of p-tolylacetyl chloride 
on benzene and recrystallised (alcohol), had m. p. 90—92°: Strassmann (loc. cit.) gives m. p. 94°. 

Indoles by the Fischer Synthesis.—Alcoholic hydrogen chloride in place of zinc chloride was employed 
for the conversion of the phenylhydrazones into the indoles in order to ensure the mildest conditions and 
consequently least likelihood of isomerisation. No indication of such isomerisation during the Fischer 
synthesis was ever detected. 

2-Phenyl-3-p-tolylindole (III, R= H). A solution of phenyl p-methylbenzyl ketone (5 g.) and 
phenylhydrazine (4 g., 1-5 mols.) in alcohol (50 c.c.) was boiled for 10 minutes, cooled, and saturated 
alcoholic —— chloride (5 c.c.) cautiously added. When the vigorous reaction had subsided, the 
mixture was refluxed for 30 minutes, cooled, and filtered to remove precipitated chlorides. The solid 
residue obtained by evaporating the filtrate was extracted with boiling dilute hydrochloric acid, and the 
insoluble residue collected, dried, and recrystallised (alcohol, alcohol—water). The indole formed 
colourless crystals, m. p. 134° (Found: C, 88-6; H, 6-1; N, 5-15; M, in 0-821% alcoholic solution, 267. 
C,,H,,N requires C, 89-1; H, 6-0; N, 4-:9%; M, 283). When cold saturated alcoholic solutions of the 
indole and of picric acid were mixed and concentrated, the black crystalline picrate, m. p. 153°, separated 
(Found: N, 10-9. C,,;H,,N,C,H,O,N, requires N, 10:9%). 2-Phenyl-3-p-tolyl-1-methylindole (III, R = 
Me) was prepared as the previous indole using as-phenylmethylhydrazine (5 g., 1-7 mols.). The final 
alcoholic reaction mixture when cooled ee a copious crystalline d it, which was collected, 
washed with a small quantity of alcohol and then water, and recrystallised (alcohol); it formed colour- 
less crystals, m. p. 157° (Found : C, 88-3; H, 6-1; N, 4-6. C,,H,,N requires C, 88-9; H, 6-4; N, 4-7%). 
(III, R = Et), similarly using as-phenylethylhydrazine (5-3 g., 
1-5 em m. p. 125° (Found: C, 89-0; H, 7-05; N, 4-65. (C,,;H,,N requires C, 88-7; H, 6-8; 
N, 45%). 

3-Phenyl-2-p-tolylindole (IV, R = H) was prepared similarly to its isomer above, using p-tolyl benzyl 
ketone (5 g.). The alcoholic reaction mixture was poured with stirring into water (1 1.), and the sticky 
precipitate, which rapidly solidified, on recrystallisation (alcohol) gave the indole, m. p. 117° (Found : 
C, 89-4; H, 6-1; N, 5-05; M, in 1-33% alcoholic solution, 263. C,,;H,,N requires C, 89-1; H, 6-0; N, 
4:9%; M, 283); the picrate formed very dark brown (almost black) crystals, m. p. 137—138° (Found : 

, 10-9. C,,H,,N,C,H,O,N, requires N, 10-9%). 3-Phenyl-2-p-tolyl-1-methylindole (IV, R = Me), 

repared as its isomer above but using p-tolyl benzyl ketone, had m. p. 122° (Found: C, 88-5; H, 6-2; 
5-0. requires C, 88-9; H, 6-4; N, 4:7%). 3-Phenyl-2-p-tolyl-l-ethylindole (IV, R = Et) 
had m. p. 126° (Found: C, 88-3; H, 6-8; N, 4:8. C,3;H,,N requires C, 88-7; H, 6-8; N, 45%). A 
mixture of this indole and its isomer (III, R = Et) had m. p. 100—105°. The identity of indoles arising 
from phenacylamines and described later was always confirmed by mixed m. p. determinations with these 
authentic samples, as well as by analysis. 

Bromo-ketones.—p-Tolyl a-bromobenzyl ketone, PhCHBr-CO-Tol. Bromine (2-5c.c., 1 mol.) was added 
dropwise during 30 minutes to a well-stirred solution of p-tolyl benzyl ketone (10-5 g.) in chloroform 
(25 c.c.). Bromination was initiated by gentle warming and then proceeded at room temperature. 
The mixture was set aside for 30 minutes, concentrated to half-bulk, and cooled. The copious 
crystalline deposit when collected and recrystallised (alcohol) gave the a-bromo-ketone, m. p. 86-5—87° 
(Found : C, 62-2; H, 4-6. C,;H,,OBr requires C, 62-3; H, 4-5%). 

Phenyl a-bromo-p-methylbenzyl ketone, TolXCHBr*CO-Ph. This compound was prepared as the above 
isomer, and evaporation of the chloroform under reduced pressure gave a viscous oil which readily 
crystallised on being seeded. Recrystallisation (methyl alcohol) gave the a-bromo-ketone, m. p. 56—57° 
(Found: C, 62-3; H, 4-9. C,,H,,OBr requires C, 62-3; H, 45%). The oil obtained in the first 

eparation of this compound could not at first be crystallised, but when set aside solidified in about a 
ortnight and was used to seed a preparations. 

Phenacylamines.—1-Phenyl-p-methylphenacylaniline (I). A solution of p-tolyl a-bromobenzyl 
ketone (8-7 g.) and aniline (5-7 g., 2 mols.) in alcohol (30 c.c.) was gently refluxed for 15 minutes and then 
cooled. The crystalline deposit was collected, thoroughly washed with water, and recrystallised 
(alcohol) ; m. p. 137° (Found : C, 83-7; H, 6-5; N, 4-7; M, in 1-22% alcoholic solution, 290. 14H,,ON 
requires C, 83-7; H, 6-4; N, 4-7%; M, 301). The N-methyl homologue, similarly prepared using 


* Note added in Proof.—Since this and the pein pore were submitted for publication, a short 
communication on ‘‘ Molecular Rearrangement and Displacement of Arylamine Residues in a-Arylamino- 
ketones. Part I,” by Cowper and Stevens (J., 1947, 1041), has appeared. These authors consider that 
a phenacylamine, when heated with a base and its salts, can react in two independent ways: (a) by the 
iutermediate formation of a Bischler diamine, and (0d) oe intramolecular rearrangement, probably 
involving an intermediate compound of the type R‘C==CR’. 


It should be noted, however, that there is no decisive evidence for either of these mechanisms, and 
much evidence against the first, whilst the second is stereochemically improbable. Furthermore, neither 
mechanism explains either the necessity for acid catalysis or the direction of the rearrangement. 
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N-methylaniline (6-2 g., 2 mols.) and recrystallised, had m. p. 154° (Found: C, 83-6; H, 6-9; N, 4-5. 
C.,H,,ON requires C, 83-8; H, 6-7; N, 445%). The N-ethyl homologue, similarly prepared using 
N-ethylaniline (7-2 g., 2 mols.), formed needles (alcohol), m. p. 121° (Found: C, 84-0; H, 7-15; N, 4-5. 
C,3H,3ON requires C, 83-9; H, 7-05; N, 4-26%). 

1-p-Tolylphenacylaniline (11). Owing to the ready isomerisation of this compound, the following 
method of preparation was necessary. Anhydrous potassium carbonate (12 g.) was suspended in a 
solution of phenyl a-bromo-p-methylbenzyl ketone fie g.) in cold alcohol (50 c.c.). Aniline (5 c.c., 
1 mol.) was added to the stirred suspension, which was then shaken mechanically for 18 hours. The 
solution was then concentrated to about 10 c.c. in a vacuum desiccator. The solid d it was collected, 
washed with a small amount of alcohol and then with water, and finally recrystallised (alcohol); the 
phenacyl compound (II) was thus obtained as yellow crystals (rather paler in coloyr than those of its 
isomer), m. p. 70—71° (Found: C, 83-6; H, 6-4; N, 4-9; M, in 1-04% alcoholic solution, 310. C,,H,,ON 
requires C, 83-7; H, 6-4; N, 4-7%; M, 301). 

The N-methyl homologue was er by dissolving the bromo-ketone (2-1 g.) and N-methylaniline 
(1-5 g., 2 mols.) in alcohol (6 c.c.). e solution was set aside at room temperature for 2 hours and then 
vigorously stirred; the copious crystalline d it which then ted was collected, washed with 
water, and.recrystallised (alcohol); m. p. 92° eal op C, 84-2; H, 6-95; N, 4:5. C,,H,,ON requires 
C, 83-8; H, 6-7; N, 4.45%). The N-ethyl homologue was — by refluxing a solution of the 
bromo-ketone (5-5 g.) and N-ethylaniline (5 c.c., 2 mols.) in alcohol (15 c.c.) for 15 minutes; after cooling, 
the crystalline deposit was collected and recrystallised (alcohol); m. p. 84° (Found: C, 83-5; H, 7:1. 
C,3H,30N requires Cc. 83-9; H, 705%). 

Great care was taken to ensure that all the above phenacylamines were ultimately entirely free from 
ionic bromine. 

Reactions of 1-Phenyl-p-methylphenacylaniline (1) (cf. Table I).—(1) The compound (I) was heated at 
195—200° for 30 minutes. The molten material showed no chemical change and when cooled, solidified, 
and recrystallised (alcohol—acetone) gave the unchanged substance, m. p. 136—137° (alone and mixed). 
(2) A mixture of (I) (2 g.) and powdered zinc chloride (10 g.) was heated at 180° for 15 minutes. The 
cold product was digested with cold dilute hydrochloric acid, but the dark coloured residue could not be 
readily crystallised ; ultimately, however, its solution in petrol (b. p. 60—80°) was filtered and evaporated, 
and the resultant yellow syrup crystallised when triturated with ether—petrol. This solid when 
recrystallised (alcohol) gave the unchanged substance, m. p. 134-5—135-5° (alone and mixed). 
(3) Repetition of this experiment with heating at 220° gave a crude product from which no 
pure component could be isolated. (4) A mixture of (I) (2 g.) and aniline hydrobromide (0-02 g., 
0-006 mol.) was heated at 195—200° for 30 minutes, a brisk effervescence occurring in the early stages of 
the heating. The cold syrupy residue was dissolved in petrol (b. p. 100—120°) and the filtered solution 
allowed to evaporate spontaneously. The crystalline deposit when recrystallised (aqueous alcohol) 
afforded 2-phenyl-3-p-tolylindole (III, R = H), m. p. 133-5—134°, unchanged by admixture with the 
authentic indole, depressed to 100—107° by admixture with the original compound (I), and depressed to 
98—104° by admixture with 3-phenyl-2--tolylindole (IV, R = H). (5) A mixture of (I) (1 g.), aniline 
(5 c.c., 15-5 mols.), and aniline hydrobromide (0-6 g., 1 mol.) was refluxed for 1 hour, and the cold product 
poured into dilute hydrochloric acid. The sticky precipitate when collected and recrystallised (alcohol) 
gave a white powder, m. p. 110—116°. This was extracted with boiling cyclohexane, and the filtered 
extract evaporated; the residue so obtained gave correct analyses for a phenyltolylindole (Found : 
C, 89-3; H, 5-9; N, 4-9. Calc. for C,,H,,N: C, 89-1; H, 6-0; N, 49%), but had m. p. 112—117°. 
When its alcoholic solution was treated with alcoholic picric acid, however, brownish-black crystals of 
the — of 2-phenyl-3-p-tolylindole, m. p. 150-5—152-5°, ted. 

mixture of p-tolyl a-bromobenzyl ketone (5 g.) and aniline (10 c.c., 6-3 mols.) was refluxed for 
1 hour, coooled, and poured into excess of dilute hydrochloric acid. The sticky precipitate when twice 
recrystallised from alcohol and once from aqueous alcohol afforded 2-phenyl-3-p-tolylindole, m. p. 
134—-134-5° (Found : C, 88-9; H, 6-1; N, 4:9%). 

Reactions of 1-Phenyl-p-methylphenacyl-N-alkylanilines (cf. Table 1A).—(1) A solution of the N-methyl 
derivative (0-5 g.) and zinc chloride (5 g.) in alcohol (7-5 c.c.) was refluxed for 5 hours and allowed to 
cool. The copious ao. deposit when collected and recrystallised (alcohol) gave 2-phenyl-3-p- 
tolyl-1-methylindole (III, R = Me), m. p. 156—157°. (2) A mixture of the N-methyl derivative (1 g.) 
and powdered zinc chloride (5 g.) was heated at 200° for 30 minutes. Acid digestion of the cold product 
gave a sticky solid which was dried and extracted with boiling petrol (b. p. 60—80°). Evaporation of 
the filtered extract gave a yellow glassy residue which crystallised when rubbed with acetic acid, and 
when then recrystallised (acetic acid) gave the above indole (III, R = Me), m. p. 155—156°. (3) A 
solution of the N-ethyl derivative (1 g.) and zinc chloride (5 g.) in alcohol (15 c.c.) was refluxed for 5 hours, 
and the cold solution poured into dilute hydrochloric acid. The white precipitate when recrystallised 
(alcohol) afforded 2-phenyl-3-p-tolyl-l-ethylindole (III, R = Et), m. p. 123—125°, unchanged by 
admixture with an authentic sample, but depressed to 98—105° by admixture with the isomeric indole 
(IV, R = Et). (4) Experiment (3) was repeated with the N-ethyl derivative (2 g.); evaporation of the 
MLR Et) gave 1 = —— readily solidified and which on recrystallisation (alcohol) gave the indole 

, R = Et), m. p. 121—122°. 

Reactions of agp recer (II) (cf. Table II).—(1) The compound (II) (0-5 g.) was 
heated at 195—200° for 30 minutes; the cold solid product when recrystallised (alcohol) gave 
the unchanged substance, m. p. 69-5—70-5°. (2) A solution of (II) (0-5 g.) in n-butyl alcohol (3 c.c.) 
was refluxed for 30 minutes; on cooling, the unchanged material, m. p. 69—70°, crystallised out. 
(3) Repetition of expt. (2) with the addition of aniline (0-2 c.c., 1 mol.) to the solution also gave the 
unchanged material, m. p. 70—71°. (4) A solution of (II) (0-5 g.) and aniline hydrobromide (0-02 g., 
0-07 mol.) in butyl alcohol (3 c.c.) was refluxed for 30 minutes. Cooling deposited the unchanged 
crystalline (II) which, after being washed with alcohol, had m. p. 66—68-5°. (5) Repetition of expt. (4) 
using the hydrobromide (0-3 g., 1 mol.) gave on cooling a crystalline deposit which when collected 
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washed with water, and recrystallised (alcohol) afforded the isomeric phenacylamine (I), m. p. 136—137°, 
unchanged by admixture with an authentic sample. (6) A solution of (II) (0-5 g.) and of N-ethylaniline 
hydrobromide (0-3 g., 1 mol.) in butyl alcohol (3 c.c.) was boiled for 30 minutes; on cooling, 
the unchanged material was d ited, m. p. 68—69° after being washed with alcohol. (7) In this and 
the following expt. a solution of hydrogen bromide in glacial acetic acid containing 50 g. bromide/100 c.c. 
solution was employed. This solution (0-05 c.c.) was added to one of (II) (0-5 g.) in butyl alcohol (3 c.c.) 
and the mixture refluxed for 30 minutes. On cooling, the solution gave a crystalline deposit which was 
collected ; the mother-liquors when set aside slowly gave a second deposit in very small quantity. The 
first deposit, m. p. 65—68°, on recrystallisation gave the pure unchanged (II), m. p. 67-5—68°. The 
second deposit when washed with alcohol afforded the isomeric compound (I), m. p. 129—133°, unchanged 
by admixture with an authentic sample. (8) Expt. (7) was repeated with 5 hours’ refluxing. The 
solution on cooling deposited crystals which after recrystallisation (alcohol) gave the pure isomeric 
compound (I), m. p. 135-5—136-5°. (9) A mixture of Ul) (1 g.) and aniline (5 c.c., 15-5 mols.) was 
refluxed for 1 hour, cooled, and poured on a mixture of ice and dilute hydrochloric acid. The yellow 
precipitate on recrystallisation (alcohol) afforded the unchanged material, m. p. 69-5—70-5°. (10) When 
expt. (9) was repeated with the addition of aniline hydrobromide (0-6 g., 1 mol.), cold acid digestion of 
the crude product followed by recrystallisation (alcohol) gave a cream-coloured powder, m. p. 109—114°. 
This was extracted with boiling cyclohexane, the filtered extract evaporated, and the residue twice 
recrystallised (aqueous alcohol) ; it then had m. p. 114—116°, depressed to 107—110° by admixture with 
3-phenyl-2-p-tolylindole (IV, R= H). It was therefore almost certainly 2-phenyl-3-p-tolylindole 
(IlI, R = H) contaminated with a small proportion of (IV, R = H) (Found: C, 88-7; H, 6-2; N, 5-2. 
Calc. for C,,H,,N : C, 89-1; H, 6-0; N,4-9%). This was confirmed by treating an alcoholic solution of 
this product with alcoholic picric acid; brownish-black crystals of the picrate of 2-phenyl-3-p-tolylindole, 
m. p. 151—152-5°, were deposited. (11) A powdered mixture of (II) (1 g.) and aniline hydrobromide 
(0-01 g., 0-017 mol.) was heated at 195—200° for 30 minutes with continuous stirring. The product 
was extracted with cold petrol (b. p. 100—120°), the filtered extract evaporated, and the residue 
recrystallised (methyl alcohol). The white crystals had m. p. 118—121°, and recrystallisation from 
several solvents made no appreciable change. The final product, m. p. 114—118°, gave analyses for a 
phenyltolylindole as in expt. 10 (Found: C, 88-7; H, 6-0; N, 48%). As before, when an alcoholic 
solution of this product was treated with alcoholic picric acid, brownish-black crystals of the picrate of 
2-phenyl-3-p-tolylindole, m. p. 150—152°, were deposited. When this experiment was repeated with 
aniline hydrobromide (0-6 g., 1 mol.) the same result was obtained. 

Phenyl a-bromo-p-methylbenzyl ketone (1 g.) was added to aniline (5 c.c., 15-5 mols.); it dissolved 
with heat evolution and was replaced by a crystalline deposit. The mixture was refluxed for 1 hour, 
cooled, and poured into excess of dilute hydrochloric acid. The grey powdery precipitate was collected 
and dissolved in alcohol; this filtered solution was ee, and the residue when twice recrystallised 
(aqueous alcohol) afforded 2-phenyl-3--tolylindole (III, R = H), m. p. 133-5—134-5°. 

1-p-Tolylphenacylaniline Hydrobromide.—Preparation. A solution of the base (II) in acetic acid was 
chilled in ice-water and stirred whilst a solution of hydrogen bromide (ca. 2 mols.) in acetic acid was 
added. Ether was then added to the stirred solution until an emulsion formed. Vigorous stirring 
caused this emulsion to deposit crystals, and more ether was now added until crystallisation was 
complete. The hydrobromide was collected, washed thrice with anhydrous ether, and dried thoroughly ; 
m. p. — (Found: C, 65-9; H, 5-45; N, 3-6. C,,H,,ON,HBr requires C, 66-0; H, 5-2; 
N, 3-7%). 

Reactions. (1) The hydrobromide (2 g.) was heated at 205—210° for 10 minutes, a slight effervescence 
occurring. The product could not be satisfactorily crystallised, and it was therefore extracted with 
boiling petrol (b. p. 100—120°) (100 c.c.), and the filtered extract allowed to evaporate spontaneously. 
The partly crystallised oily residue was mixed with alcohol (4 c.c.) to complete the solidification, and the 

. crystalline deposit when recrystallised (methyl alcohol) afforded ee p-methylbenzyl ketone, m. p. 
93—94° (alone and mixed) (Found: C, 86-5; H, 7-3. Calc. for C,;,H,,0: C, 85-8; H, 6-7%). (2) A 
mixture of the hydrobromide (0-7 g.) and n-butyl alcohol (3 c.c.) was refluxed for 30 minutes. The cold 
solution remained clear, but cautious addition of ether gave an emulsion which rapidly deposited crystals. 
Addition of ether was then continued until d ition was complete; the crystals when collected and 
washed with ether were the pure unchanged hydrobromide, m. p. 182—184° (alone and mixed). 

Stability of 3-Phenyl-2-p-tolylindole (IV, R = H).—(1) A mixture of the indole (2 g.) and powdered 
zinc chloride (9-6 g., 10 mols.) was heated at 200° for 30 minutes. The cold product after acid digestion 
and recrystallisation (alcohol) gave the unchanged indole, m. p. 115-5—116-5° (alone and mixed). (2) A 
mixture of the indole (3 g.), aniline (5 g., 5 mols.), and aniline hydrobromide (1-8 g., 1 mol.) was 
refluxed for 30 minutes, cooled, and poured into dilute acid. The precipitated material when 
recrystallised (algohol) gave the unchanged indole, m. p. 116—117° (alone and mixed). t. (1) was 
repeated with 3-phenyl-2-p-tolyl-l-methylindole, and the unchanged indole, m. p. 120—121-5° (alone 
and mixed) was again recovered. 

Reactions of 1-p-Tolylphenacyl-N-alkylanilines (cf. Table I1A).—(1) A mixture of the N-methyl 
derivative (0-5 g.), aniline hydrobromide (0-3 g., 1 mol.), and -butyl alcohol (3 c.c.) was refluxed for 
30 minutes. The clear solution on cooling deposited crystals of the unchanged methyl derivative, 
m. p. 90—91° (alone and mixed). (2) Repetition of expt. (1) with N-methylaniline hydrobromide (0-3 g., 
1 mol.) also gave the unchanged derivative, m. p. 89-5—91°. (3) Repetition of expt. (2) with 4 hours’ 
refluxing also gave the unchanged derivative, m. p. 89-5—91°, but the ee was now very low. (4) A 
mixture of the N-methyl derivative (0-5 g.), powdered zinc chloride (2-5 g.), and alcohol (8 c.c.) was 


refluxed for 5 hours, cooled, and poured into dilute acid. The sticky precipitate was collected and 
stirred vigorously with a small quantity of alcohol. Ready crystallisation ensued, and the uct when 

lised (alcohol, aqueous alcohol) furnished 3-phenyl-2-p-tolyl-l-methylindole (IV, R = Me), 
m. p. 120-5—122-5°. (5) An intimate mixture of the N-methyl derivative (1 g.) and powdered zinc 
chloride (5 g.) was heated at 200° for 30 minutes with occasional stirring. The crude product was 
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digested with hot dilute hydrochloric acid, giving an oil which solidified on cooling. This material was 
extracted with boiling petrol (b. p. 60—80°) (50 c.c.), and the filtered extract evaporated. The 
residue crystallised when stirred wi 1, and when crystallised in turn from alcohol, acetic acid, and 
aqueous acetic acid gave the indole (III, R = Me), m. p. 153—155°. (6) Repetition of — (1) with the 
N-ethyl derivative (0-5 g.) gave the unchanged material, m. p. 83—84°. (7) R ition of expt. (2) with 
the N-ethyl derivative (0-5 g.) and N-ethylaniline hydrobromide (0-3 g.) gave the unchanged 
derivative, m. p. 83—84°. (8) A mixture of the N-ethyl derivative (1 g.), zinc chloride (5 g.), and 
alcohol (15 c.c.) was refluxed for 5 hours. The solution on cooling deposited colourless crystals of 
3-phenyl]-2-p-tolyl-l-ethylindole (IV, R = Et), m. p. 123-5—124-5° after recrystallisation (alcohol). 
(9) Repetition of expt. (5) with the N-ethyl] derivative (1 g.) gave a product which after the acid digestion 
and eer was ultimately thrice recrystallised (alcohol) and afforded the indole (IV, R = Et), 
m. p. 123—124-5°. 

Pasnacylenilins —The following experiments, carried out with a highly purified sample, amplify 
the results recorded in Part I (loc. cit.). (1) A mixture of phenacylaniline (4-2 g.) and aniline 
hydrobromide (0-035 g., 0-01 mol.) was heated at 180° for 5 minutes. The cold product when 
recrystallised (benzene, alcohol) gave 2-phenylindole, m. p. 182—183°. (2) A mixture of phenacylaniline 
(5 g.) and aniline hydrochloride (2 g., 0-65 mol.) was heated at 175° for 5 minutes. The product, 
recrystallised as in expt. (1), furnished 2-phenylindole, m. p. 183—184°. Crowther, Mann, and Purdie 
(loc. cit.) performed this experiment using aniline hydrochloride (0-01 mol.) and obtained only partial 
conversion into diphenacylaniline. It is clear therefore that a concentration of hydrogen chloride much 
higher than that of hydrogen bromide is required for effective indolisation. (3) A mixture of phenacyl- 
aniline (4-2 g.) and powdered zinc chloride (27 g., 10 mols.) was plunged into a bath at 190° and maintained 
at this temperature for 15 minutes with continuous stirring. The cold product was digested with hot 
dilute acid, dried, and extracted with boiling benzene (50 c.c.). The filtered extract was evaporated to 
small bulk; the crystalline deposit when recrystallised (alcohol) afforded 2-phenylindole, m. p. 183—184°. 
The experiment was repeated using zinc chloride (1-55 mols.) with heating at 180° for 15 minutes, and 
2-phenylindole, m. p. 182-5—183-5°, was again obtained. In Part I (loc. cit.) these experiments were 
recorded as giving only an amorphous powder ; the difference is to be attributed to the different technique 
employed for the zinc chloride fusion (cf. Part II, p. 850). (4) A solution of phenacylaniline (8 g.) in 
tetralin (80 c.c.) was refluxed for 1 hour, cooled, and extracted with cold concentrated hydrochloric acid. 
The tetralin was almost free from dissolved organic material, but basification of the acid layer gave 
unchanged phenacylaniline (alcohol), m. p. 98°. When, however, a solution of phenacylaniline (25 g.) in 
tetralin (250 c.c.) was refluxed for 14 hours, and the solvent then evaporated under reduced pressure, 
distillation of the residue at 0-1 mm. gave diphenacyl (alcohol), m. p. 142—143° (Found: C, 81-1; 
H, 6-05. Calc. for C,,H,,0,: C, 80-6; H, 5-9%). Since diphenacyl could also be isolated by direct 
crystallisation (alcohol-ether) of the residue, it was formed during the refluxing and not during the 
distillation of the residue. (5) Pure phenacylaniline hydrobromide was heated at 180° for 15 minutes 
and gave a dark red resin from which no pure component could be isolated. Heating at 200° gave the 
same result. This confirms the results of Crowther, Mann, and Purdie (Joc. cit.) and also our results with 
1-p-tolylphenacylaniline hydrobromide (p. 868), namely, that pure dry phenacylaniline hydrobromides 
do not indolise on heating. 

1-Phenacylindoles (p. 865).—Phenacy]-p-toluidine was prepared by adding finely dered p-toluidine 
(13 g., 2 mols.) to an agitated solution of phenacyl bromide (12 g.) in alcohol (50 c.c.) chilled in ice—water. 
After 2 hours’ stirring, the precipitated phenacyl-p-toluidine was collected, digested thoroughly with a 
large volume of cold water, and finally recrystallised (alcohol); m. p. 128°. Lellmann and Donner (Ber., 
1890, 23, 167) give m. Pp. 134°; Bischler (Ber., 1892, 25, 2866) gives m. p. 127°. 

Phenacyl-p-ethylaniline. This required a special method of tion. A mixture of phenacyl 
bromide (20 g.), p-ethylaniline (12 g., 1 mol.), anhydrous sodium carbonate (20 g.), and alcohol (200 c.c.) 
was vigorously stirred at 50° for 1 hour. Stirring was then continued without heating for 3 hours, the 
mixture poured into cold water (1 1.), and the stirring continued for 1 hour. The phenacyl-p-ethylaniline 
was then collected, washed, dried and recrystallised (alcohol—benzene, alcohol—acetone); m. p. 77—79° 
(Found: C, 80-1; H, 7-05; N, 6-15. C,,H,,ON requires C, 80-3; H, 7-2; , 59%). When 
p-ethylaniline (14-4 g., 2 mols.) was added to a stirred solution of phenacyl bromide (12 g.) in alcohol 
(30 c.c.) at 40—50°, a product was obtained which after repeated crystallisation (acetone, glycol 
monoethyl ether, alcohol) furnished diphenacyl-p-ethylaniline, m. p. 196—200° (Found : C, 80-1; HE 6-6; 
N, 4-25. C,,H,30,N requires C, 80-6; H, 6-5; N, 3-9%). 

Phenacyl-3 : 4-dimethylaniline was prepared similarly to phenacyl-p-toluidine and recrystallised 
(alcohol); m. p. 128—129° (Found: C, 79-9; H, 7-1; N, 6-1. C,,H,,ON requires C, 80-3; H, 7-2; 
N, 5-9%). Phenacyl-p-chloroaniline similarly ent and recrystallised (acetone, benzene) had m. p. 

14*“1 


162—164° (Found : C, 68-7; H, 5-2; N, 5-7. 2ONCI requires C, 68-4; H, 4-9; N, 5-7%). 

Di. A mixture of phenacyl-p-toluidine (9 phenacyl bromide (8 g., 1 mol.), 
and alcohol (100 c.c.) was refluxed for 15 minutes and cooled. e ious crystalline deposit was 
collected and recrystallised (glycol monomethyl ether); m. P. 252—255° (Found: C, 80-3; H, 6-1; 
N, 40. Calc. for C,3H,,0,N: C, 80-4; H, 6-1; N, 41%). Lellmann and Donner (loc. cit.) 
give m. p. 255°. 

Indolisation. 


(1) When phenacyl-p-toluidine was heated at 180° for 10 minutes, it was recovered 
unchanged. When, however, a mixture of phenacyl-p-toluidine (8-5 g.) and aniline hydrobromide 
(0-65 g., 0-1 mol.) was heated at 180° for 10 minutes, and the cold product then r i in turn 
from benzene, acetone, and alcohol, 1-phenacyl-2(or 3)-phenyl-5-methylindole (XX or X XI) was obtained, 
colourless crystals, m. p. 204—205° (Found: C, 85-0; H, 6-0; N, 4-5. C,,;H,,ON requires C, 84-85; 
H, 5-9; N, 4-3%). Repetition of this ——— with p-toluidine hydrobromide (0-7 g., 0-1 mol.) gave 
the same compound, m. P. 202—204° (Found: C, 84-8; H, 6-0; N, 4-4%). (2) When a mixture of 
phenacyl-p-ethylaniline (2 g.) and aniline hydrobromide (0-2 g.) was heated at 185° for 5 minutes, a 
vigorous effervescence occurred. The resultant tar when repeatedly recrystallised (benzene, acetone) 
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afforded colourless crystals of 1-phenacyl-2(or 3)-phenyl-5-ethylindole, m. p. 209—210° (Found: C, 84-7; 
H, 6-1; N, 4:15. C,,H,,ON requires C, 84-9; H, 6-2; N, 41%). (3) A mixture of phenacyl-3: 4- 
xylidine (10 g.) and aniline hydrobromide (0-1 g.) was heated at 180° for 5 minutes, a vigorous initial 
reaction occurring. Recrystallisation (benzene, alcohol—acetone) of the crude product afforded 
2-phenyl-4 : 5(or 5 : 6)-dimethylindole, m. p. 220—221° (Found: C, 87-1; H, 7-0; N, 6-6. C,.H,,N 
requires C, 86-9; H, 6-8; N, 6-3%). (4) Phenacyl-p-chloraniline similarly treated gave a crude product 
which when recrystallised (benzene, alcohol, aqueous alcohol) afforded 5-chloro-2-phenylindole, m. p. 
191° (Found: C, 73-4; H, 4-6; N, 63; Cl, 16-6. C,,H,,NCl requires C, 73-8; H, 4:4; N, 6-2; 
Cl, 15-6%). (5) A mixture of diphenacyl-p-toluidine (1-5 g.) and p-toluidine hydrobromide (0-02 g.) 
was heated at 200° for 5 minutes. The product when recrystallised (benzene, alcohol—acetone) gave 
a 3)-phenyl-5-methylindole, m. p. 203—204°, unchanged by admixture with that formed 
in expt. (1). 

Attempted Phenacylation of 2-Phenyl-5-methylindole.—(1) A mixture of the indole (2-6 g.), phenacyl 
bromide (2 g., 0-8 mol.), and anhydrous potassium carbonate (4 g.) was heated at 115° for 3 hours with 
occasional stirring. The cold product when digested with dilute hydrochloric acid and then recrystallised 
(benzene, alcohol) afforded the unchanged indole, m. p. 210—211° (alone and mixed). (2) A similar 
mixture containing phenacyl bromide (1-3 mols.) was heated at 130°; a violent reaction then occurred. 
No pure component could be isolated from the crude material. (3) Many experiments were performed in 
which the indole in benzene solution was boiled with an ethereal solution of ethylmagnesium bromide, 
and phenacyl bromide added. In spite of wide variations in the general conditions of these experiments, 
conducted with this indole or with the isomeric 3-phenyl-5-methylindole, the final product was always 
either the unchanged indole or an intractable material from which no pure component could be isolated. 
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171. Some Derivatives of Benz-1-thia-2 : 3-diazole, the Nature of the 
Thiadiazole Ring, and a Note on the Thiolation of 2-Chloro-5-nitro- 


aniline. 
By HERBERT H. Hopcson and Dovuctas P. Dopcson. 


2-Chloro-5-nitroaniline reacts with sodium nena and sodium hydrogen carbonate in 
aqueous ethanolic solution to give 4-nitro-2-aminobenzenethiol in 97% yield, which on 
diazotisation becomes 5-nitrobenz-1l-thia-2 : 3-diazole. This is reduced by iron and sulphuric 
acid to 5-aminobenz-1-thia-2 : 3-diazole, and thence converted by usual methods into 
5-hydroxy- and the 5-halogeno-benz-1-thia-2 : 3-diazoles and also benz-1-thia-2 : 3-diazole-5-azo-B- 
naphthol. A cyclic structure is preferred for the thiadiazole ring in contrast to the quinonoid 
resonance structures of the analogous diazo-oxides. In the mono-reduction of 1-chloro-2 : 4- 
dinitrobenzene by stannous chloride in glacial acetic acid solution, 2-chloro-5-nitro- and 
4-chloro-3-nitro-anilines are formed in about equal amounts. 


Just as the o-aminophenols when diazotised give rise to diazo-oxides, so in like manner do 
o-aminothiophenols afford the somewhat analogous thiadiazoles. The diazo-oxides used to be 
regarded as having the ring structure (I), and Morgan and Porter (J., 1915, 107, 645) claimed to 
have established this formulation beyond doubt by the existence of naphthalene-1 : 8-diazo- 
oxide, whose colour could not be explained by an orthodox quinonoid structure but had to be 
attributed to a so-called ‘‘ chromogenic complex ’’, -O—-N—N-. Later, however, a quinonoid 
structure for the diazo-oxides in general was advocated by Sidgwick (cf. ‘‘ The Organic Chemistry 
of Nitrogen’, Oxford, 1937, p. 422), and with the advent of the resonance theory (Pauling, 
‘* Nature of the Chemical Bond ”’, 1940, p. 152) all the apparent exceptions such as the above 
peri-diazonaphthol could be interpreted by means of ionic quinonoid structures (Hodgson and 
Marsden, J. Soc. Dyers and Col., 1943, 59,271). Stilllater, Anderson and Roedel (J. Amer. Chem. 
Soc., 1945, 67, 955) have attempted to show by means of absorption spectra, whether the 
predominant structure of the 1: 2- and 1: 4-diazophenols in non-polar solvents is cyclic or 
quinonoid by comparing the absorption spectra of the diazophenols with those of compounds of 


(I.) (II.) (IIT.) 


known cyclic and of known quinonoid structure. The only previous work on absorption spectra 
in this field had been carried out by Hantzsch and Lifschitz (Ber., 1912, 45, 3011) who 


qualitatively compared the absorption spectra of diazoacetic ester and -diazophenol, and | 


concluded that the structure of the latter was quinonoid. Anderson and Roedel (loc. cit.) also 
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concluded that the p-diazophenol possessed a quinonoid structure, and that the o-compounds 
were not cyclic but probably quinonoid. When an attempt was made by Leigh and Anderson 
(loc. cit.) to obtain the above peri-diazonaphthol cited by Morgan and Porter (loc. cit.), they could 
not find any mention of its preparation, and failed to prepare it. The resonance system may 


\ O 


thus give an interpretation of the colour as well as of the other properties which the diazo-oxides 
exhibit, and in particular of the ready coupling ability which indicates the feeble nature of 
the N-O bond, if it really exists. 

In contrast to the diazo-oxides, the thiadiazoles or diazosulphides only exist as o-compounds, 
and they are usually colourless, resembling in this respect the analogous azoimides (II), obtained 
by the action of nitrous acid on the o-diamines; they crystallise well, are feebly basic, as shown 
by their solubility in concentrated mineral acids, and are usually volatile in steam. The great 
stability of the parent substance, benz-1-thia-2 : 3-diazole (III), towards most chemical reagents 
has been indicated by Jacobson (Amnalen, 1893, 277, 209), but he mentions that, whereas 
oxidising agents have little effect on them under ordinary conditions, yet tin and hydrochloric 
acid reduce the thiadiazoles to the corresponding thiols, while heat causes elimination of 
nitrogen with formation of thianthren derivatives at 200—250°. In no case has the coupling 
property which diazo-oxides exhibit with alkaline 8-naphthol been found in the diazo-sulphides. 
The thiadiazole ring thus resembles thiophen in its stability, and the same electronic 
configuration may be operative in both cases, viz., the existence of the aromatic sextet (cf. 
Robinson, ‘‘ Outline of an Electrochemical (Electronic) Theory of the Course of Organic 
Reactions ”’, Institute of Chemistry, 1932, p. 10] : 
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The thiadiazoles will thus bear considerable resemblance to naphthalene compounds. 

In spite of the relative ease of formation of these compounds, the literature contains but 
few references to them, and these are mainly due to Jacobson (Ber., 1888, 21, 3106; Amnalen, 
loc. cit.) and Fries (Fries and Engelbert, Annalen, 1915, 407, 208; Fries, Vorbrodt, and Siebert, 
ibid., 1927, 454, 172; Fries, Koch, and Stukenbrock, ibid., 1929, 468, 162; Fries and Reitz, 
ibid., 1936, 527, 38). 

In the present paper various thiadiazoles are described which are prepared from 2-chloro-5- 
nitroaniline. It is somewhat unexpected that whereas the chlorine in 1-chloro-2 : 4-dinitro- 
benzene is exceedingly reactive, nevertheless, after the conversion of the kationoid 2-nitro- into 
the anionoid 2-amino-group, the kationoid effect of the 4-nitro-group remains sufficiently 
powerful to render the chlorine still reactive towards some anionoid reagents such as the sodium 
sulphides despite the electron-releasing effect of the adjacent amino-group (see IV); also by 

-™ reaction with aqueous sodium sulphide in presence of sodium hydrogen 

Oy-~ 8+ carbonate (cf. Hodgson and Birtwell, J., 1944, 75) sodium 5-nitroaniline- 
2-mercaptide was formed, as shown by methylation to 4-nitro-2-amino- 
* thioanisole, and also by diazotisation, whereby 5-nitrobenz-1-thia- 
(IV.) 2:3-diazole was obtained. 4-Nitro-2-aminothioanisole has a sweet 
taste resembling that of saccharin (cf. Blanksma and Van der Weyden, Rec. Trav. chim., 1940, 
59, 629, who have reported the sweetness of the corresponding oxygen compounds). It is 
noteworthy that the derivatives no longer possessed the sweetness of the parent 
substance, again on analogy with Blanksma’s observations for the oxygen compounds. The 
4: 4’-dinitro-2 : 2’-diaminodiphenyl mono- and di-sulphides are also not sweet. The sweetness 
would appear to depend very much on the group in the 1-position in the 4-nitro-2-aminoaryl 
configuration, since it is associated with the groups OMe (OAIk.), SMe, Cl (Halogens), CO,Me 
(CO,Alk.), and CN, but not with other groups. 

That the reactivity of the chlorine in 2-chloro-5-nitroaniline is very much reduced, however, 
follows from its inertness towards sodium thiosulphate (see Experimental), whereas 1-chloro- 
2: 4-dinitrobenzene readily reacts with sodium thiosulphate to give ultimately a mixture of 
2:4: 2’: 4’-tetranitrodiphenyl mono- and di-sulphides (Twiss, j., 1914, 105, 1678). It is of 
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interest that 2-bromo-5-nitroaniline failed to give any monosulphide on being heated with sodium 
monosulphide for 90 minutes in ethanol, whereas with a sodium polysulphide the monosulphide 
was formed (Fries, Annalen, 1929, 468, 162). 

In order to ascertain the optimum reaction conditions, sodium mono- and di-sulphides, a 
sodium polysulphide of composition used by Fries (/oc. cit.), and a mixture of sodium sulphide 
and sodium hydrogen carbonate (Hodgson and Birtwell, Joc. cit.) were caused to react with 
2-chloro-5-nitroaniline in different mixtures of ethanol and water with varying periods of heating, 
the results being recorded in the table below. Inspection of these results shows that the reaction 
appears to proceed in two stages, viz., (a) the ultimate formation of the sodium mercaptide 
where no sodium hydrogen carbonate is employed, and (b) further reaction with 2-chloro-5- 
nitroaniline to give the monosulphide. Since the conditions appear to be most favourable for 
the formation of the sodium mercaptide in the cases of the polysulphides, the yields of 
monosulphide are greater than in the experiments with sodium sulphide alone. When sodium 
hydrogen carbonate is present and therefore the reagent is practically pure sodium hydrogen 
sulphide, then the thiol is formed in 97% yield; but when a saturated solution of 2-chloro-5- 
nitroaniline containing this compound in suspension [Expt. 5(a), p. 874] is boiled for 5 hours, 
the thiol is slowly converted into monosulphide by condensation with the chloro-compound. No 
sulphide dye was formed in any of the reactions. 

Since tin and hydrochloric acid might be expected to attack the thiadiazole ring in 
§-nitrobenz-1-thia-2 : 3-diazole (cf. Jacobson, loc. cit.; although Fries does not refer to any such 
behaviour), its reduction was conveniently and rapidly effected either by alkaline sodium 
dithionite (hydrosulphite) or still more efficiently with iron powder and dilute aqueous-alcoholic 
sulphuric acid. The 5-aminobenz-1-thia-2 : 3-diazole thus formed was readily converted by 
the usual methods (diazotisation, etc.) into the 5-hydroxy- and the 5-halogeno-benz-1-thia- 
2 : 3-diazoles, and also benzthiadiazole-5-azo-8 -naphthol. 

The preparation of 2-chloro-5-nitroaniline by the stannous chloride mono-reduction of 
1-chloro-2 : 4-dinitrobenzene in glacial acetic acid solution, and its subsequent removal by 
steam distillation in ca. 50% yield, has confirmed Blanksma’s observation (Rec. Trav. chim., 
1946, 65, 329) that mono-reduction involved each nitro-group to about the same extent, whereas 
Anschiitz (Ber., 1886, 19, 2161) had claimed that only the 2-nitro-group was attacked. The 
4-chloro-3-nitroaniline, which is non-volatile in steam, can be isolated from the flask liquor. 


EXPERIMENTAL. 


Preparation of 2-Chloro-5-nitroaniline by a Modification of Blanksma’s Method (loc. cit.).—A solution 
of 1-chloro-2 : 4-dinitrobenzene (20-25 g., 0-1 g.-mol.) in boiling glacial acetic acid (40 c.c.) was treated 
with powdered stannous chloride (57 g., 0-3 g.-mol), added at such a rate as to maintain ebullition. 
When the addition was completed (2—3 mins.) the solution was boiled, with shaking, for a further 
5 minutes, then diluted with water (100 c.c.) and made alkaline by the stirred addition (to avoid 
coagulation) of 20% aqueous sodium hydroxide (300 c.c., 1-5 g.-mols.). The mixture was then 
steam-distilled; 2-chloro-5-nitroaniline passed over (7-8 g.; yield ca. 45%) and was filtered off after the 
distillate (ca. 71.) had been —= 0° for ca. 30 mins. ; it crystallised from 80% aqueous ethanol in long 
yellow needles, m. p. 118° (Beilstein and Kurbatov, Anunalen, 1876, 182, 100, give m. p. 117—118°). 

Preparation of 5-Nitrobenz-1-thia-2 : 3-diazole.—(i) A boiling solution of 2-chloro-5-nitroaniline (17-25 g., 
0-1 g.-mol.) in ethanol (250 c.c.) was treated gradually with a solution of crystallised sodium sulphide 
(36 g., 0-15 g.-mol.) and sodium hydrogen carbonate (12-6 g., 0-15 g.-mol.) in water (100 c.c.), and the 
mixture heated on the boiling water-bath for one hour before the addition of 20% aqueous sodium 
hydroxide (20 c.c., 0-1 g.-mol.) ; it was then poured on a mixture of ice and water (750 c.c.) and filtered. 
Sodium nitrite (7 g., 0-1 Pope was dissolved in the filtrate, which was then stirred into a mixture of 
sulphuric acid (25 c.c., d 1-84) and ice (250 g.). After being kept for one hour, the brown precipitate of 
crude 5-nitrobenz-1-thia-2 : 3-diazole (17-5 g., 97%), m. p. 135—145°, was removed and purified by steam- 
distillation, being obtained in pale yellow needles, m. p. 145°; the crude thiadiazole also crystallised 
from ethanol (charcoal) in almost colourless needles, m. p. 143—145° (Found: N, 23-4. Calc. for 
C,H,O,N,S: N, 23-2%), which sublime readily at 80—100° under atm.-pressure. The steam volatility 
was ca. 1 g. a 1., and a boiling saturated solution on cooling to 0° afforded a crystalline precipitate of 
ca. 2g. perl. The compound was readily soluble in hot 20% aqueous hydrochloric acid from which it 
could be precipitated by ammonia, or from which it crystallised in colourless needles, m. p. and mixed 
m. p. with initial substance, 145°, and although readily soluble in the usual organic solvents it was only 
sparingly soluble in hot ligroin. It was also readily soluble in concentrated sulphuric acid, but the strong 
yellow colour reported by Fries (loc. cit.) was not observed. An acetone solution treated with a drop of 
aqueous sodium hydroxide gave a violet colour which was discharged by acid and restored by alkali; on 
keeping, the violet colour slowly turned brown. 

(ii) A solution of 2-chloro-5-nitroaniline (1-725 g.) in boiling ethanol (6 c.c.) was treated according to 
Fries’s procedure (loc. cit.) for the bromo-analogue with a solution of crystallised sodium sulphide (1-8 g., 
0-0075 g.-mol.) and sulphur (0-36 g., 0-011 g.-mol.) in water (2 c.c.). Reaction was vigorous, and 
solution became dark red; after 1 hrs.’ heating on the water-bath, the mixture was cooled in ice, the red 
crystalline separation filtered off, suspended in water (50 c.c.) containing sodium nitrite (0-7 g.; 
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0-01 g.-mol.), and then poured into a mixture of sulphuric acid (4 c.c., d 1-84), ethanol (30 c.c.), and ice 
(120 g.). The precipitate of crude 5-nitrobenz-1-thia-2 : 3-diazole (1-3 g.) was purified as above; it 
contained 4 : 4’-dinitro-2 : 2’-diaminodiphenyl ——— as impurity. 

Preparation of 4-Nitro-2-aminothioanisole.—The alkaline solution above, before the addition of 
sodium nitrite, was shaken with 20% aqueous sodium hydroxide (4 c.c.) and methyl] sulphate (0-95 c.c.) 
for 5 minutes; it became almost colourless, and on cooling a precipitate of 4-nitro-2-aminothioanisole 
separated, which crystallised from water (charcoal) in orange needles, m. p. 105° (Fries, Vorbrodt, and 
Siebert, Annalen, 1927, 454, 172, give m. p. 105°) (Found: N, 15-3. Calc. for C,H,O,N,S: N, 15-2%). 
The acetyl derivative was prepared by dissolution of the amine (0-3 g.) in a mixture of acetic anhydride 
(2 c.c.) and dimethylaniline (4 c.c.), heating on the water-bath for 30 mins., and stirring into 4% aqueous 
hydrochloric acid (100 c.c.); the precipitated solid (0-35 g.) was washed with the dilute acid, and 
in pale lemon-yellow needles, m. p. 157° (Found: N, 12-6. C,H,,0O,N,S 

uires N, 12-9%). 

4-Nitrothioanisyl-2-azo-B-naphthol was obtained when 4-nitro-2-aminothioanisole (0-25 g.) was 
diazotised and coupled with alkaline B-naphthol as usual; the crude, brick-red azo-compound (0-4 g., 
90%) Ny glacial acetic acid in scarlet needles, m. p. 236° (Found: N, 12-6. C,,H,,0,N,S 

uires N, 12-4%). 
wil - Nitvo-2-acelamido-1-thiophenyl acetate was obtained when a solution of the sodium salt of 
4-nitro-2-amino-1l-thiophenol (containing ca. 0-4 g.) was shaken at room temperature with acetic 
anhydride (3 c.c.); an immediate yellow precipitate of the compound a , which crystallised from 
ethanol in pale cream needles, m. p. 161° (Found: N, 11-3. CygH O,N,S requires N, 11-00%). When 
kept at 150°, the compound suffers a reduction in m. p. and probably changes into 5-nitro-2-methyl- 
benzthiazole, since the preparation of this type of compound is carried out by heating an o-aminothio- 
phenol with acetic anhydride. 

4: 4’-Dinitro-2 : 2’-diaminodiphenyl disulphide was formed when the solution of the sodium 
mercaptide was aerated. Oxidation with potassium ferricyanide, however, caused immediate 
precipitation of a very impure material of m. p. <100° which was difficult to purify; the air-oxidised 
product crystallised from glacial acetic acid in > ew needles, m. p. 178° (Fries, Annalen, 1929, 468, 162, 
gives m. p. 178°) (Found: N, 16-8. Calc. for C,,H,,O,N,S,: N, 16-6%). 

Preparation of 4: 4’-Dinitro-2 : 2’-diaminodiphenyl (1-725 g., 
0-01 g.-mol.) was dissolved in hot ethanol (96 c.c.), and a solution of sulphur (0-36 g.) and crystallised 
sodium sulphide (1-8 g.) in water (2 c.c.) added (equivalent to 0-0075 g.-mol. of Na,S,.;). The mixture 
was then refluxed on the water-bath for 5 hours, after which it was poured on ice (100 g.) containing 
N-sodium hydroxide (10 c.c.). After filtration to remove the thiophenol, the red residue of the 
monosulphide was washed with hot water, and the compound purified by recrystallisation from ethanol 
(charcoal), being obtained in short red needles, m. p. 218° (Fries, Annalen, 1929, 468, 162, gives m. p. 211°) 
(Found: N, 18-5. Calc. for C,,H,,O,N,S: N, 18-3%). The diacetyl derivative was prepared by 
boiling the amine (0-3 g.) in a mixture of acetic anhydride (3 c.c.) and fused sodium acetate (1 g.) for 
2 hours; it separated on dilution with water, and crystallised from glacial acetic acid in colourless 
needles, m. p. 245° (Fries, loc. cit., gives m. p. 245°) (Found : N, 14-5. Calc. forC,,H,,O,N,S: N, 14-3%). 

Reduction of 5-Nitrobenz-1-thia-2 : 3-diazole.—(a) By sodium dithionite (‘‘ hydros’’). The thiadiazole 
(0-45 g.), suspended in hot 20% aqueous sodium hydroxide (20 c.c.), was treated with sodium dithionite 
(2 g.) in small portions and the mixture boiled until dissolution was complete. On cooling, the 5-amino- 
benz-1-thia-2 : 3-diazole was extracted by ether, and then crystallised (0-15 g.) from water in yellow 
needles, m. p. 95° (Fries and Reitz, Annalen, 1936, 527, 38, give m. p. 95°) (Found : N, 27°8. Calc. for 
CoHN,S : , 27°8%), which were soluble in cold water to the extent of 7-5 g. per 1., and very soluble in 

ot water. 

(b) By ivon powder. The thiadiazole (3-62 g., 0-02 g.-mol.) was mixed with iron powder (pin dust) 
(0-24 g.-mol.), sulphuric acid (1 c.c.), water (30 c.c.), and ethanol (10 c.c.), and, when frothing had ceased, 
the mixture was refluxed for 3 hours with occasional stirring; charcoal and ethanol (60 c.c.) were then 
added, and the boiling continued for a further hour. The mixture was filtered hot, and the residue 
extracted with ethanol three times (3 x 40 c.c.); the combined extract was mixed with the filtrate to 
which hydrochloric acid (2 c.c., d 1-18) was then added and the whole evaporated with frequent additions 
of water until all the ethanol had been removed. The cooled oom solution (80 c.c.) was neutralised 
with ammonia, and the precipitated 5-aminobenz-1-thia-2 : 3-diazole (2-5 g., 82%) filtered off ; it crystallised 
from water in yellow needles, yee 95°. The filtrate was acidified with hydrochloric acid, diazotised by 
addition of sodium nitrite, and diazonium salt coupled with alkaline B-naphthol to give benz-1-thia- 
2 : 3-diazole-5-azo-B-naphthol (1 g., corresponding to a further addition to the yield of amine of 17%, 
i.e., a total yield of 99%), which crystallised from 90% acetic acid (charcoal) in bright red micro-crystals, 
m. p. 209° (Found: N, 18-4. C,,H,ON,S requires N, 18-3%); it gave a ish-pink solution in 
concentrated sulphuric acid, changing to pale pink on dilution with water. 

Preparation of 5-Hydroxybenz-1-thia-2 : 3-diazole——The above amine (0-15 g.) in hydrochloric acid 
(1 c.c., d 1-18) and water (20 c.c.) was treated at 0° with sodium nitrite (0-07 g.), and the solution added 
gradually to 10% aqueous sulphuric acid at 80°. After frothing had ceased, the cooled mixture was 
extracted with ether, the extract shaken with 1% os sodium hydroxide, the ether removed, and the 
alkaline solution acidified and again extracted with ether, the extract dried (Na,SO,), and allowed to 


evaporate gradually in the air; a pale yellow needles of 5-hydroxybenz-1-thia-2 : 3-diazole (0-05 §) 
brodt, or 


separated, m. p. 161° (Fries, Vor and Siebert, Joc. cit., give m. p. 161°) (Found: N, 18-7. Calc. 
C,H,ON,S: N, 18-4%), which were volatile in steam. 

5-Chlorobenz-1-thia-2 : 3-diazole was formed when a solution of 5-aminobenz-1-thia-2 : 3-dia2ole 
(1-5 g.) in hydrochloric acid (10 c.c., d 1-18) and water (40 c.c.) was diazotised at 0° by addition of sodium 
nitrite (0-07 g.) dissolved in the minimum amount of water, and the mixture poured into one of cuprous 
chloride (4 g.) in hydrochloric acid (10 c.c., d 1-18) at 60°. After thing had ceased, the 
chloro-compound (0-05 g.) was removed by steam-distillation and obtained in colourless needles, m. p.105° 
(Beilstein and Kurbatov, Annalen, 1879, 197, 81, give m. p. 103-5°; Pollak, Riesz, and Kohane, 
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Monatsh., 1928, 49, 213, give m. p. 107°) (Found: N, 16-7. Calc. for C,H,N,CIS: N, 16-4%), which 
sublime readily above 70° at atmospheric pressure, are easily soluble in organic solvents and strong 
mineral acids, and are slightly soluble in hot water. 

5-Bromobenz-1-thia-2 : 3-diazole was obtained by diazotisation at 0° of a solution of the 
amino-compound (1-5 g.) in hydrobromic acid (2 c.c., d 1-7) and water (10 c.c.). The filtered solution 
was poured into one of cuprous bromide (4-5 g.) in hydrobromic acid (4 c.c., d 1-7), and the mixture 
steam-distilled ; the bromo-compound s ted from the steam distillate in colourless needles, m. J 106° 
(Found: N, 13- 2, C,H;N,BrS requires N, 13-0%), which were soluble in cold water to the extent of 0-1%. 

5-Iodobenz-1-thia-2 : 3-diazole was formed when a solution of the above amine (1-5 g.) in ——_ 
acid (2 c.c., d 1-84) and water (20 c.c.) was diazotised at 0°, and excess of nitrous acid removed by urea 
before the addition of potassium iodide (3-3 g.) in water (10 c.c.). The mixture was made just alkaline 
with sodium hydroxide and steam-distilled; the iodo-compound (1-1 g.) passed over and separated 
4 8 g: .) on cooling; it crystallised from 80% aqueous methanol in colourless cubes, m. p. 103° (Found : 

0. C,H,N,IS requires N, 10-7%); by ether extraction of the steam-distillate (500 c.c.) a further 
0. 15 g. was obtained, indicating a solubility of 0-3 g. per 1. at room temperature. 

The Thiolation of 2-Chloro-5-nitroaniline.—Geneval analytical procedure. A mixture of the aniline 
(1-725 g., 0-01 g.-mol.) and the reagent in the r tive solvent (see table) was boiled for the period 
stated, then poured on ice (100 g.), and sodium nedoenide (0-04 g., 0-01 g.-mol.) added; the mixture was 
filtered, treated with sodium nitrite (0-7 g., 0-01 g.-mol.), and stirred into sulphuric acid (25 c.c., d 1-84) 
and ige (25 g.). After being kept for one hour, the 5-nitrobenz-1-thia-2 : 3-diazole was filtered off, dried, 
and weighed, whereby the amount of thiol formed was computed. The residue of the 4 : 4’-dinitro-2 : 2’- 
diaminodiphenyl monosulphide and unchanged 2-chloro-5-nitroaniline was extracted with hot water 
to remove the latter, and the residue dried and weighed as monosulphide; the aniline which separated 
from the cooled aqueous extract was then filtered off, dried, and weighed. 


Mol. Products, %. 
ratio. Solvent : Time of - A = 
Reactants and amounts Aniline/ EtOH, H,0, boiling, “Unchanged Mono- 
Expt. (in g.). reagent. C.c. c.c. hrs. material. Thiol. sulphide. 
1 Na,S$,0,,5H,O (2-5) 15 10 6 100 
2 Na,S,9H,O (1-2) S:4 6 2 5 45 10 45 
3 Na,S,9H,O (1-2) +S a | 6 2 5 25 10 65 
(0-16), equiv. to Na,S, : 
4 Na,S,9H,O (1-8) +S 2:1-5 (a) 6 2 1 0 40 
(b) 6 2 0 35 


(0-36), equiv. to 3 


Na,So. 5 
NaSH obtained from : 
0. NaHCO. 
(a) 1 6 2 5 33 8 
“a 12-5 5 l 15 73 
| 25 10 1 0 88 
| 25 10 1 0 97 


Note.—In Expt. 5 (c) the thiol formed was estimated as such, whereas in Expt. 5 (d) it was estimated 
as the much less soluble thiadiazole. 
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172. The Associating Effect of the Hydrogen Atom. Part XIII. 
The N-H-O Bond. Esters of Carbamic Acid. 


By (Mrs.) MINNIE BARKER, Louis HUNTER, and NorMAN G. REYNOLDS. 


Measurements of the molecular weight of esters of carbamic acid reveal a high degree of 
molecular association in those esters possessing one or more unsubstituted imino-hydrogen atoms 
(I and II), whereas those in which both hydrogen atoms are r _ em (III) are non-associated. 
This, as well as their tautomeric character, is attributed to a hy: en-bond (N-H-O) structure 
in the former.. Further measurements indicate that esters of carbanitic acid (VIII) can suffer a 
diminution of molecular association by reason of the following three causes: (a) co-ordination 
of the imino-hydrogen atom with suitable ortho-donor substituents, (b) steric interference due to 
certain other ortho-substituents, (c) steric interference due to the size of the alkyl group R. 


Tse formation of hydrogen bonds by the amido-group, -NH-CO-, has been the subject of 
previous parts of this series (J., 1937, 1114; 1938, 375, 1034; 1939, 484; 1940, 332), and 
further indication of this tendency has been provided by X-ray investigation of acetamide 
(Senti and Harker, J. Amer. Chem. Soc., 1940, 62, 2008), urea (Wyckoff and Corey, Z. Krist., 
1934, 89, 462), diketopiperazine (Corey, J. Amer. Chem. Soc., 1938, 60, 1598), and polypeptides 
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(Hughes and Moore, ibid., 1942, 64, 2236), and by the infra-red spectroscopic study of proteins 
(Buswell, Krebs, and Rodebush, /. Physical Chem., 1940, 44, 1126). It therefore seemed 
probable that esters of carbamic acid in which this grouping is present (I and ITI) would poses 
NH,’CO,R NHR:CO,R’ NRR”CO,R” 
(I.) (II.) (III.) 
a hydrogen-bond structure. Indication of hydrogen-bond association in these compounds is 
provided in their boiling points (see Table), those of the esters possessing one or more hydrogen 


NMe(OMe)-CO,Et 

NMe(OEt)-CO,Et 
atoms (as in I and II) being higher than those of esters in which such atoms are completely 
replaced by simple alkyl or alkoxyl groups (III). 

In the present investigation this prediction has been fully confirmed. The molecular 
condition of the esters of carbamic acid has been examined cryoscopically in benzene and in 
naphthalene solution over a range of concentration. As in previous parts of this series, molecular 
association is inferred from molecular-weight measurements in all cases in which the factor 
of association (a) increases substantially with rising concentration; i.e., a steep association— 
concentration curve is taken to indicate molecular association, whereas a flat or gently sloped 
curve (in the region, « = 1) is interpreted as indicating the absence of association. It is clear 
from the results (Fig. 1) that the esters fall sharply into two classes; those possessing at least 
one unsubstituted imino-hydrogen atom (as in I and II) are highly associated, whereas those in 
which both imino-hydrogen atoms have been replaced (as in II) are substantially unimolecular. 
This subdivision is in harmony with the tautomeric behaviour manifested by the former type 
but absent in the latter, and it seems clear that carbamates such as (I) and (II) owe their molecular 
association no less than their tautomerism to molecular union through hydrogen bonds (N-H-O), 
the imino-hydrogen atom of one molecule being shared with the carbonyl-oxygen atom of a 
second, as in the amides and sulphonamides (Chaplin and Hunter, /., 1937, 1114). Such 
derivatives of carbamic acid therefore provide a further example of mesohydric tautomerism 


R-NH-CO-OR R-NH-C(:OH)-OR 


(b.) 
R-N-CO-OR (IV.) 


(Hunter, J., 1945, 806). A chain polymer embodying these requirements and consisting of 
x + 2 molecules of the ester (II) is depicted in (IV), where (a) and (b) are unperturbed states 
of the resonance hybrid. Multi-membered cyclic polymers of the type found in acetamide 
(Senti and Harker, Joc. cit.), involving no separation of charges, are equally probable. 

That the imino-hydrogen atom of carbamic esters is responsible for their molecular association 
is confirmed not only by the fact that its replacement destroys association (Fig. 1), but also 
that its engagement in chelate ring-formation with suitable donor ortho-substituents (NO,, CO,R) 


O,R 


(or CO,R) WNA 


(VIL.) (VIII.) (IX.) 
is PO effective in suppressing molecular association. Thus, in ethyl o-nitro- (V) and ethyl 
o-carbomethoxy- (VI) phenylcarbamate, the preferential formation of intramolecular N-H-O 
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bonds so reduces the tendency of the imino-hydrogen atom to form intermolecular bonds that 
the compounds are virtually unimolecular (Figs. 2and 3). Inthe corresponding m- and p-isomers 
(e.g., VII), however, the relevant groups are too remote to achieve chelation, with the result that 
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the imino-hydrogen atoms are free to undertake intermolecular co-ordination, and the compounds 
are therefore associated (Figs. 2 and 3). In this connexion the remarkably high degree of 
association exhibited in benzene solution by ethyl m-nitrophenylcarbamate (Fig. 2, curve 20), 
since it is even higher than that of ethyl phenylcarbamate (Fig. 1, curve 6), is probably due in 
part to a heterogeneous association (Hunter and Marriott, J., 1940, 166) between ~NO, and 
=NH groups in adjacent molecules. The low solubility in benzene of the parva-substituted 
carbanilates (VII) necessitated measurement of their molecular weights in naphthalene solution, 
in which, owing to increased thermal agitation of the solute molecules consequent on the higher 
melting point of the solvent, lower factors of association are to be expected. This accounts 
for the relatively small slope of the curves for isopropyl p-nitrophenylcarbamate (Fig. 2, curve 21), 
ethyl -nitrophenylcarbamate (Fig. 2, curve 22), and methyl and ethyl p-carbethoxyphenyl- 
carbamates (Fig. 3, curves 26 and 27), which are nevertheless interpreted as indicating strong 
association. 

A remarkable consequence of the fixation of the carbethoxyamino-group in (VI) in a position 

_co-planar with the benzene nucleus is the protection thus afforded to the 6-position even in 
face of reactive substituting agents such as bromine. Treatment of (VI) with bromine yielded 
only ethyl 4-bromo-2-carbomethoxyphenylcarbamate which, even with excess of bromine, failed to 
brominate further. Nor could a dibromo-compound corresponding to (VI) be obtained by 
the action of ethyl chloroformate on methyl 2 : 4-dibromoanthranilate, which failed to react 
under ali conditions tried. Resistance to bromination has been recorded in similar circumstances 
for 3-nitroaceto-p-toluidide (Chaplin and Hunter, J., 1938, 377). 

A study of the carbanilates (VIII) and their derivatives has revealed that the capacity of 
the -NH-CO,R group to cause molecular association is very sensitive to steric influences. For 
example, the high degree of association of ethyl phenylcarbamate (VIII; R = Et) is very 
markedly reduced by the substitution of groups in the o-position (e.g., IX), as in ethyl] o-tolyl-, 
ethyl 2: 4-dimethylphenyl-, ethyl o-chloro- and -2: 5-dichlorophenyl-, ethyl o-bromophenyl-, 
and ethyl o-ethylphenyl-carbamates (Fig. 4, curves 34—39). Such groups can scarcely be 
considered to engage the imino-hydrogen atom in chelate ring-formation, and it seems justifiable 
to assume that they play a mainly steric réle. It would appear that the o-substituent A (IX), 
by virtue of its size, not only orientates the group ~NH°CO,R in such a way that the -CO,R 
group is remote from A, but that the latter, by its very bulk, discourages the approach of a 
second molecule sufficiently closely to the imino-hydrogen atom to engage it in intermolecular 
N-H-O bond-formation, thus substantially reducing the proportion of associated molecules. On 
the other hand, m- and p-isomers of (IX) (Fig. 4, curves 31—33), in which no such effects 
would be expected, show a degree of association which is much higher and comparable with 
that of ethyl phenylcarbamate itself. Ortho-effects of this kind have previously been noted in 
numerous other instances; ¢.g., Hewitt and Winmill (J., 1907, 441) reported a similar tendency 
in the degree of association of liquid phenols measured by the Ramsay-Shields method. 

That hindrance of this kind is probably not the only factor controlling the degree ofassociation 
in the above examples is indicated in Fig. 8, which compares ethyl phenylcarbamate with 
methyl and ethyl cyclohexylcarbamates. The reduced association of the latter (curves 53 and 54) 
as compared with the former (curve 52) can clearly not be ascribed to steric causes, and is 
probably attributable to reduced acidity of the imino-hydrogen atom owing to the absence of 
a mesomeric effect in the latter. There are numerous other examples of the tendency to form 
hydrogen bonds being the stronger the more acidic the nature of the hydrogen atom concerned 
(see, e.g., Hunter and Marriott, J., 1941, 777). 

Further effects attributable to steric causes are revealed by varying the group R in the 
carbanilates (VIII). Fig. 5 shows that the slope of the association—concentration curves of 
these esters in benzene solution undergoes progressive diminution with increasing size and 
complexity of the alkyl group (R); 1.e., the molecular association diminishes in the order 
R = Me > Et > -Pr > n-Bu > iso-Pr > iso-Bu (Curves 40—45 respectively). Inspection 
of the structural formula of these compounds will show that, because of free rotation about the 
various single bonds, the molecule can assume a great number of different configurations, one 
being depicted in (X). It is evident that the larger the volume of the group R the greater will 
be its effect in hindering the approach of a second molecule towards the imino-hydrogen atom 
as a preliminary to hydrogen-bond formation. This explanation is in harmony with the above 
order, from which it is evident that the branching of the alkyl chain as well as its length plays 
an important part in the sheltering effect of the alkyl group towards the imino-hydrogen atom. 
The series of carbanilates shown in Fig. 5 could not be pursued beyond the isobutyl compound 
because of the limited solubility in benzene of the succeeding homologues; but a similar order 
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of steric effect was found in the butyl carbanilates by measurements in naphthalene solution, in 
which the compounds are more soluble owing to the higher melting point of the solvent. As 


O 
CY CH,Ph:NH-CO,Et NHPh:CH,°CO,Et 
\ O 


(X.) (XI.) 


would be expected from the above steric hypothesis, ¢ert.-butyl carbanilate (Fig. 6, curve 48) 
has a lower degree of association than the isobutyl isomer (Fig. 6, curve 47); ethyl carbanilate 
(Fig. 6, curve 46) was measured in naphthalene for comparison. It is interesting, though not 
unexpected, that phenyl carbanilate (Fig. 7, curve 49) is associated to about the same extent as 
ethyl carbanilate (Fig. 6, curve 46). These results are ii close correspondence with those 
obtained from a study of the infra-red absorption spectra of the isomeric hexyl alcohols (Stanford 
and Gordy, J. Amer. Chem. Soc., 1940, 62, 1247), in which the degree of association is found to 
diminish with increasing branching of the carbon chain in the neighbourhood of the hydroxyl 
group. 

The close connexion between hydrogen-bond association in the carbamic esters and their 
tautomeric character is strikingly illustrated by a comparison of ethyl benzylcarbamate (XI) 
with its isomer, ethyl phenylaminoacetate (XII). In the latter, the imino- and the carbonyl 
group are separated by a methylene-group, and not only is (XII) devoid of tautomeric character, 
but its molecular association (Fig. 9) is very markedly reduced in comparison with (XI), in spite 
of the presence in its molecule of the associating groups imino- and carbonyl. This predisposition 
on the part of tautomeric hydrogen to engage in hydrogen-bond formation has frequently been 
reported in previous parts of this series [e.g., amides and imino-ethers (J., 1937, 1114), pyrazoles 
and pyrazolines (J., 1941, 3), thioacridone and thiodiphenylamine (J., 1942, 640), cyanamides 
and aminoacetonitriles (J., 1945, 618)], and provides a strong argument in favour of the theory 
of mesohydric tautomerism (jJ., 1945, 806). ; 


EXPERIMENTAL. 


The following new ogres emcee hee repared in the course of the inv: tion. wx diethylcarbamate, 
colourless uid with peppe permint b. p. 154—155° (Found : 10-8. 130,N requires N, 
10:7%). yl aw xylcarbamate, colourless viscous liquid with peppermint odour, b. p. 304—306° 
(Found : 5-5 C,;H,,0,N N, 5- Methyl phenyl-n-butylcarbamate, deep yellow oily 
liquid, b. p. 154°/21 mm. (Found : N, 6-6. 12H, ,0,N requires N, 67%). Ethyl phenyl-n-butylcarbamate, 
deep yellow oil, b. p. 156°/19 mm. (Found : N 6 3. C,y;H,,0,N requires N, 6-3%). Ethyl 4-chloro-2- 
nitrophenylcarbamaie, obtained by prolonged boiling of 4-chioro-2-nitroaniline (2 mols.) and eth 1 
chloroformate (1 mol.) in carbon tetrachloride, formed yellow needles from alcohol, m. p. 99° (Foun 
N, 10-9. C,H,O,N,Cl requires N, 115%). Ethyl 3-nitro-p-tolylcarbamate, p: ‘ex from 
3-nitro-p-toluidine, formed oy yellow needles from alcohol, m. p. 56—57° (Found: N, 12:9. C,)9H,,0O,N, 
requires N, 12-5%). Methyl p-carbethoxyphenylcarbamate, white needles from a us alcohol, m. p. 
151—152° (Found : N, 6-2. requires N, Ethyl p-carbethoxy, phenylcarbamate, white 
needles from aqueous alcohol, m. p. 129° (Found: N, 5 Cc. H..O,N N requires 59%). Ethyl 
4-bromo-2-carbomethox henylcarbamate, white needles from sioahal m. p. 94° (Found : X. 4-6; Br, 26-2. 
C,,H,,0,NBr requires N, 4-6; Br, 265%). Ethyl o-ethylphenylcarbamate, white platelets from aqueous 


Fic. 1. 
Concn. M. Concn. M. 
1. Ethyl ~~ (215). . Ethyl methylcarbamate (103). 
2-90 262 2-86 126 
4-40 290 4-80 137 
6-16 322 6-73 149 
7-93. 354 10-38 173 


2. Ethyl (1 13-26 184 

. Ethyl (200). 
1-86 229 

2-73 240 

3-78 253 

5-01 269 

. Ethyl phenylcarbamate (165). 
170 


0-84 

1-89 184 
2°85 196 
4 


5). 


3. Ethyl p-bromophenylcarbamate (244 
1-09 
1-81 
2-70 
3-72 
4-95 


73 205 
80 


creme 


1 
1 
1 

1 

a. 
1-22 

1-33 

1-45 

1-68 


[1948] 


Concn. M. 


1-04 216 
1-43 226 
1-61 228 
3-03 253 
3-45 258 
8. Ethyl ethylcarbamate (117). 
0-98 117 
3-48 138 
6-49 156 
8-59 169 
10-70 182 


13a. Methyl diethylcarbamate (131). 
(Coincident with Curve 13.) 


1-27 127 
3-03 128 
4°32 128 
5-47 128 


6-37 128 


Concn. M. 


1-66 236 


232 253 
3°48 289 
5-01 344 
7°38 387 


1-12 242 
3°27 267 
3-97 273 


1-58 228 
3-80 249 
6-00 269 
8-22 291 


7. Ethyl a-naphthylcarbamate (215). 


9. isoPropyl a-naphthylcarbamate (229). 
0-45 


21. isoPropyl p-nitrophenylcarbamate ( 


Fic. 1 (continued). 


a. 


ono 
8 


232 1-01 
1-57 244 1-06 
2-85 259 1-13 
4:13 269 1-17 
4-81 270 1-18 
10. Ethyl p-ethoxyphenylcarbamate (209). 
0-85 213 1-02 
1-22 216 1-04 
1-72 227 1-09 
11. Ethyl diphenylcarbamate (241). 
1-30 235 0-98 
2-31 234 0-97 
3-53 236 0-98 
4-81 237 0-98 
5-94 240 0-99 
12. Ethyl diethylcarbamate (145). 
1-74 144 0-99 
2-88° 144 0-99 
5-21 142 0-98 
8-18 143 0-99 
9-22 143 0-99 
13. Ethyl dimethylcarbamate (117). 
1-66 115 0-98 
2-83 113 0-96 
4 0-96 


a. 


20. Ethyl m-nitrophenylcarbamate (210). 


22. Ethyl p-nitrophenylcarbamate (210). 


Concn. M. 
14. N-Carbethoxypiperidine (157). 
2-29 154 
3-41 153 
4:64 152 
6-11 153 
8-27 152 
15. Ethyl phenylmethylcarbamate (179). 
2-47 167 
3-00 169 
3-82 172 
4:54 174 
16. Ethyl dicyclohexylcarbamate (253). 
1-16 245 
2-01 245 
3-18 242 
4-58 237 
5-30 236 
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16a. (Coin (207). 


Coincident with Curve 16.) 


1-05 201 
2-21 199 
3-05 196 
3-67 196 
4-68 195 
17. Ethyl phenyl-n-butylcarbamate (221). 
1-21 215 
2-14 213 
3°35 208 
4-21 207 
4-99 205 
18. N-Carbomethoxypiperidine (143). 
0-93 133 
2-71 132 
4:27 132 
5-25 130 


. Ethyl phenylethylcarbamate (193). 


1-08 


Concn. 


M. 


23. Ethyl o-nitrophenylcarbamate (210) 
1-92 210 1-00 
3-01 214 1-02 
4:38 217 1-04 

24. Ethyl (245). 

241 0-98 

52 246 1-00 
3-76 250 1-02 
5-01 256 1-05 

25. Ethyl (224). 
1-82 0-98 
2-49 224 1-00 
4-03 230 1-03 
5-15 232 1-04 
5-85 233 1-04 


0-98 
0-98 
0-97 
0-98 
0-97 
0-93 
0-94 
0-96 
0-97 
0-97 
0-97 
0-95 
0-94 
0-93 
0-97 
0-96 
0-95 
0-95 
0-94 
0-97 
0-96 
0-94 
0-94 
0-93 
0-93 
0-92 
0-92 
5-91 114 0-97 
2-12 171 0-89 
0-97 3-36 173 0-89 
0-98 4°73 174 0-90 
0-98 
0-98 
0-98 
Fic. 2. 
1-08 
1:18 
1:28 
1-38 
3M 


880 
Concn. M. a. 
26. Methyl p-carbethoxyphenylcarbamate (223). 
0-78 219 0-98 
2-67 243 1-09 
3°45 264 1-18 
27. Ethyl p-carbethoxyphenylcarbamate (237). 
0-69 229 0-97 
1-87 249 1-05 
3-28 265 1-12 
4-26 275 1:16 
5°26 285 1:20 
0-92 294 0-97 
1-73 295 0-98 
2-56 302 1-00 
3°37 309 1-02 
4:10 312 1-03 
Concn. M. a. 
31. Methyl m-bromophenylcarbamate (230). 
0-68 245 1-07 
1-39 252 1-09 
2-45 274 1-19 
32. Ethyl p-chlorophenylcarbamate (see Curve 5). 


34. 


35. 


41. 


0-72 187 1-05 
1-56 195 1-09 
3-01 216 1-21 
4:77 237 1-33 
Ethyl 2: 4-dimethylphenylcarbamate (193). 
1-82 201 1-04 
2-50 206 1-07 
3°35 211 1-09 
4-50 219 1-14 
Ethyl o-tolylcarbamate (179). 
1-12 177 0-99 
1-59 181 1-01 
2-08 186 1-04 
3-04 191 1:07 
3-69 195 1-09 
Concn. M. a. 
" Methyl carbanilate (151). 
1-64 169 1-12 
3-58 193 1-28 
5-87 218 1-44 
7-55 236 1-56 
8-41 243 1-61 
Ethyl carbanilate (165). 
1-77 181 1-10 
4-35 218 1-29 
6-43 235 1-43 
n-Propyl carbanilate (179). 
3-39 211 1-18 
5-65 237 1-32 
6-93 247 1:38 
8-17 255 1-43 
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. Ethyl p-tolylcarbamate (179). 


> 


SSsss 


221 
222 
223 
224 
225 


M. 


36. Ethyl o-ethylphenylearbamate (198). 


188 


238 


38. Ethyl o-bromophenylcarbamate (244). 


241 


43. n-Butyl carbanilate (193). 


187 


45. isoButyl carbanilate (193). 

194 
218 
226 
234 
247 


{1 


47 


G. 8. 
Concn. M. a. 
29. Methyl o-carbomethoxyphenylcarbamate 46 
(209). 
0-90 212 1-01 
1-70 207 0-99 
2-66 208 1-00 
351 1-00 
4:77 215 1-03 
30. Ethyl o-carbomethoxyphenylcarbamate (223). 
1:77 0-99 
2-80 1-00 
3-61 1-00 4s 
4-41 1-00 
5-34 1-01 
G. 4. 
Concn. || a. 
0-97 
1-40 191 0-99 53 
2-06 196 1-02 
| 2-88 202 1-05 
37. Ethyl 2 : 5-dichlorophenylcarbamate (234). 
1-87 239 1-02 
2-69 241 1-03 5 
3-62 245 1-05 
4-78 254 1-08 
|| 0-99 
246 1-01 
248 1-02 
248 1-02 
251 1-03 
39. Ethyl phenylcarbamate (200.). 
181 0-91 
183 0-92 
188 0-94 
190 0-95 
190 0-95 
Fic. 5. 
Concn. M. a. 
40) 
1-28 200 
3-93 235 
4-87 242 
5-61 251 
6-43 259 
44. isoPropyl carbanilate (179). 
1-48 || 
3-31 207 
3-89 213 
5-11 223 
5-55 227 
4 4 1 
1 
| 
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Fic. 6. | Fic. 7. 
Concn. M. a. Concn. M. a. 
46. Ethyl carbanilate (165). 49. Phenyl carbanilate (213). 
1-80 176 1-06 1:24 218 1-02 
4-11 190 1-15 2-37 229 1-08 
5-23 196 1-19 415 245 1:15 
5-66 256 1-20 
47. isoButyl carbanilate (193). 
1-47 202 1 50. o-Tolyl carbanilate (227). 
2-96 215 1-11 1-15 231 1-02 
3-83 218 1-13 2-99 249 1-10 
4:79 222 1-15 4-39 261 1-15 
5 228 - 1-18 §-12 265 1-17 
5-85 272 1-19 
48. tert.-Butyl carbanilate (193). 
1-07 195 1-01 51. cycloHexyl carbanilate (219). 
2-68 200 1-04 1-39 223 
3-96 206 1-07 3-24 237 1-08 
4-70 240 1-10 
5-98 246 
Fic. 8. Fic. 9. 
Concn. M. a. Concn. M. a. 
52. Ethyl phenylcarbamate (see Curve 6). 55. Ethyl benzylcarbamate (179). 
1-59 198 
53. Methyl cyclohexylcarbamate (157). 2-84 213 1-19 
1-17 160 1-02 4:79 230 1-29 
2-04 168 1-07 5-93 241 1-35 
2-98 177 1-13 7-19 253 1-41 
3-97 186 1-18 
5-26 194 1-24 56. Ethyl phenylaminoacetate (179). 
1-33 177 0-99 
54. Ethyl cyclohexylearbamate (171). 2-54 185 ’ 1-03 
1-22 179 1-05 4-94 193 1-08 
2-65 191 1-12 5-64 194 1-08 
3-71 197 1-15 6-51 197 1-10 
5-49 205 1-20 
6-44 212 1-24 56a. Ethyl o-tolylaminoacetate (193). 
(Coincident with Carve 56.) 
1-70 1-01 
2-62 199 1-03 
3-81 203 1-05 
5-39 208 1-08 
7-40 213 1-10 
alcohol, m. p. 43—45° (Found: N, 7-4. C,,H O,N requires N, 7:3%). Ethyl 2 : 5-dichlorophenyl- 
carbamate, w ite needles from aqueous a =» 54° (Found: Cl, 30-3. C,H,O,NCl, requires Cl, 
30-3%). Ethyl o-bromop. henylcarbamate, pal FE pres: w liquid, b. p. 153°/16 mm. ound: N, 5-6. 
CoH 2NBr requires 7 gh cyclohexylcarbamate, white crystals from alcohol, m. p. 75° 
(Found: N, 8-9. CyH,,0 ay N, 89%). Ethyl cyclohes lcarbamate, white crystals from 
alcohol, m. p. 6 : C,H4,0,N requires N, 8:2%). 


points are sean for the following : ethy A (a m. p. 70° 

(lit., 68°) ; m. p. 67° (lit., ; ; 4-m-xylylcarbamate, 
m. 61° Git. ethyl o-carbomethoxyphenylcarbamate, m. p. 67° (lit., 62°) 

Data.—Molecular weights were measured cryoscopically, he majority in benzene 

cstetien "hat but ‘ia recorded in italics in naphthalene solution. In the tables, concentrations are 

—— as g.-mols. x 10*/100 g. of solution, the formula weights appearing in parenthesis; M is 

the apparent molecular weight deduced according to ideal-solution laws; the association factor (a) is 

ted as the ratio of M to the formula weight. 


The authors’ thanks are due to the Chemical Society for a grant to one of them (N. G. R.). 
(Received, May 2nd, 1947.] 
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173. The Free-radical Reactions of the Aromatic Diazo-compounds : 
A Reply to Hodgson’s Criticisms. 
| By D. H. Hey and W. A. Waters. 


It is shown that Hodgson’s criticisms (this vol., p. 348), which involve the application of 
our theory of free-radical reactions to experimental conditions which it was not intended to 
embrace, are not valid, and that the views put forward by him do not provide a satisfactory 
theoretical interpretation of the known experimental facts. 


THE experimental conditions under which reactions in solution are likely to involve the formation 
and transient existence of free radicals were clearly specified by us more than ten years ago 
(Chem. Reviews, 1937, 21, 169). Within this field a satisfactory theory of homolytic reactions 
has been developed and confirmed by a large body of experimental evidence. In recent 
publications (this vol., p. 348; J. Soc. Dyers Col., 1948, 64, 99) Hodgson has applied a free-radical 
concept to experimental conditions which our own theory was never intended to embrace, and 
has unjustifiably inferred that it is unnecessary to postulate that free radicals are concerned in 
any of the reactions of diazo-compounds in solution. 

Contrary to the impression now given by Hodgson, which is implicit in the title of his paper,* 
the free-radical theory was never intended to include the ordinary reactions of diazonium salts 
in aqueous solution or the typical coupling reactions which take place in alkaline solution, but 
was confined primarily, and in the first place wholly, to reactions in non-ionising solvents. 
The initial evidence which led to the suggestion that free uncharged ary] radicals could be produced 
from some of the decomposition reactions of the aromatic diazo-compounds was the discovery 
(Grieve and Hey, /., 1934, 1797; Hey, ibid, p. 1966) that the normal “ laws of aromatic substi- 
tution ’”’ were not obeyed when (i) un-jonised diazoaryl hydroxides, (ii) nitrosoacylarylamines 
(aryldiazoacetates), and (iii) arylazotriphenylmethanes decomposed in aromatic solvents, C,H,R. 
Unsymmetrical diaryls were thereby formed in a manner which showed that the substituting 
reagent did not consistently have either kationoid (e.g., NO,*) or anionoid (e.g., OH”) character, 
but gave rise to a complex mixture of products from which, in the earlier examples studied, the 
ortho- and para-isomers were isolated whatever the nature of the group R. In later studies 
substitution was found to take place at all three positions with respect to CO,Et (Hey, /., 1934, 
1966), and Cl and Br (France, Heilbron, and Hey, J., 1938, 1364), and in similar reactions with 
pyridine numerous examples were later recorded of the simultaneous occurrence of substitution 
at the a-, B-, and y-positions (Haworth, Heilbron, and Hey, j., 1940, 349, and subsequent 
papers). It is often supposed that free aryl radicals are typically para-substituting reagents, 
but this is not rigorously true; it merely happens that because para-substituted diaryls, being 
more symmetrical, are less soluble and more highly crystalline than their isomers, they can be 
isolated more easily from tarry reaction mixtures. As far as we are aware, the quantitative 
examination of the total product from such a homolytic reaction in the liquid phase has not yet 
been attempted, and Table I gives the best conclusions which can be drawn from available 
experimental evidence. 


I, 
Yields of i » % 
% -Total yield, 
Reactants. ortho. meta. para. isolated, %. 
32 20 48 38 
+ 33 15 52 35 


(From France, Heilbron, and Hey, Joc. cit.) 


Further evidence of the absence of consistent kationoid or anionoid characteristics of reactions 
involving decompositions of diazo-compounds in non-ionising media is afforded by the fact that 
pheny] groups from (i) diazobenzene hydroxide and (ii) diazobenzene acetate will combine equally 
well with electronegative elements, such as chlorine from carbon tetrachloride or sulphur from 
carbon disulphide, and with electropositive elements, such as hydrogen from hexane or ether, or 
metallic elements such as mercury or antimony (Waters, J., 1937, 2007, 2014; 1939, 864; Grieve 
and Hey, J., 1938, 108). 

The views now put forward by Hodgson indicate that he regards the formation of a sym- 
metrical diaryl Ar-Ar as an inevitable consequence of the occurrence of the free aryl radical Ar in 


* “ The Decomposition Reactions of the Aromatic Diazo-compounds in Aqueous Solution explained 
on Simple Electronic Theory, and without Recourse to the Current Free-radical Hypothesis.” 
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solution, thus repeating the error made by Wieland (Ber., 1922, 55, 1816), but the whole theory 
of the reactions of free aryl radicals in solution, whether derived from diazo-compounds or from 
other sources, shows consistently that dimerisation is not a characteristic property of the acy! 
radical under these conditions (cf. Waters, Trans. Faraday Soc., 1941, 37, 770). 

The experimental evidence which has accumulated since the publication of our joint review in 
1937 has substantiated our hypotheses by the discovery of several new reactions which cannot 
be brought about by solutions of diazonium sails in ionising media. These are (a) combination 
with free elements, e.g., As, Sb, Hg, Se, Te (a property which is exhibited by both the fragments 
of decomposing covalent diazo-compounds), and (b) the initiation of addition polymerisation of 
olefins, R°CH:CH,. These reactions have been noted regularly whenever uncharged alkyl or 
aryl radicals have been generated by other means, ¢.g., from the thermal or photochemical 
decompositions of (i) lead or mercury alkyls, (ii) aldehydes or ketones, (iii) diacyl peroxides, and 
(iv) azo-compounds. It follows, therefore, that any theory which attempts to explain arylation 
reactions which can only be brought about in solution in non-aqueous (and usually non-ionising) 
media such as benzene, nitrobenzene, and pyridine, by schemes involving diazonium kations 
overlooks a great volume of experimental evidence which clearly shows that the differences 
between the chemical reactivities of the ionised, water-soluble, diazonium salts and the 
covalent diazoacetates and diazohydroxides are quite as great as are the differences in their 
physical properties. For this reason we again insist that one single reaction mechanism cannot 
explain satisfactorily all the decomposition reactions of the diazo-compounds. The two reaction 
mechanisms are just as necessary in this branch of aromatic chemistry as they are for the 
interpretations of the reactions of the aliphatic azo- and diazo-compounds from which the 
production of free uncharged hydrocarbon radicals has been abundantly proved. 

While we admit that bimolecular (or more complex) reactions not involving “‘ free’ ions or 
radicals may occur between molecules of aromatic diazo-compounds and other substances, we 
must point out that the crucial experimental evidence for the existence of free aryl radicals is 
provided by the demonstration that the decomposition of diazobenzene acetate (nitrosoacetanilide) 
is a slow first-order process which is independent of the polar nature of the solvent in which it is 
carried out (Grieve and Hey, /J., 1934, 1797; Butterworth and Hey, J., 1938, 116). These 
results, together with the kinetic studies of Pray (J. Physical Chem., 1926, 30, 1417, 1477) and 
of Waring and Abrams (J. Amer. Chem. Soc., 1941, 68, 2757) and the recent studies on the 
decomposition of benzoyl peroxide in various solvents carried out by Nozaki and Bartlett 
(J. Amer. Chem. Soc., 1946, 68, 1686), show that all these reactions are fundamentally identical 
in type and all yield free radicals by homolytic fission. On this point Hodgson has expressed 
the view that the free-radical hypothesis is based on a fallacy in that it implies the simultaneous 
fission of two bonds of greatly unequal strength, as in A, and that therefore a mechanism based 


(A.) Ar{-N=N--X [Ar—-N=N}+ (B.) 


on the decomposition of the diazonium ion, as in B, is to be preferred. A clear-out decision 
between these two processes is provided by the figures given in Tables II and III. A comparison 
of the decomposition of some p-substituted diazoacetates and of the corresponding diazonium 
ions clearly shows that, whereas in the former case the reaction rate is essentially independent 
of the substitutent at the para-position, in the latter case the substituent profoundly affects the 
speed of the reaction. On the other hand, the rates of decomposition of a series of nitroso- 
acylanilides [C,H,*N(NO)*CO-R’ show with equal clarity that the speed 
of the reaction is very much influenced by the nature of the acyl group, whereas in the 
decomposition of diazonium salts it has long been known that the rate of evolution of nitrogen 
is essentially independent of theanion. These results indicate conclusively that thedecomposition 
of the diazobenzene acetates does not proceed through the diazonium ion, and that the mechanisms 
of the two processes must be fundamentally different. The question of the simultaneous fission 


TaBLe II. 
Decomp. of p-R°C,HyN:N-OAc, Decomp. of 

4-57 27-0 
4-99 1-8 
4-11 0-15 
4-23 0-23 

* Grieve and =e J., 1935, 689. 

+ From Euler (“ In Tables ”’). 
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III. 
Decomp. of C,H,*N:NO-R’, 
Rk. 104. 


R’. 
1-23 at 45° 
1-67 at 25° 
4-44 at 25° 
Explodes at 25° 


(Preliminary unpublished results by Dr. G. H. Williams.) 


of two bonds does not arise, the reactions involved being similar to the analogous decompositions 
of arylazotriphenylmethanes and of diacyl peroxides. Evidence for the transient existence of 
the second radical X> is often quite clear. Thus carbon dioxide is evolved when diazobenzene 
acetate decomposes in carbon tetrachloride, and the reaction mixture attacks metals such 
as mercury, which are quite inert to acetic acid or even to hydrochloric acid (Waters, /., 
1937, 113). 

Both of us have, since 1937, considered that the distinctive features of the homolytic and the 
heterolytic decompositions of organic molecules were sufficiently distinct for an attempt to be 
made at the elucidation of the mechanisms concerned in border-line cases, in which either, or 
both, free radicals or ions might be involved (for the basis of classification see Waters, J., 1942, 
266), but these later extensions into less well defined territory do not influence in any way the 
validity of the original hypothesis. Proceeding on this basis we have considered (a2) whether 
there can occur, in approximately neutral aqueous solution, any homolytic reactions involving 
un-ionised diazohydroxides, Ar-N=N-OH, and also (b) whether the chemistry of the diazo- 
compounds affords any examples of catalysed one-electron-transfer reactions analogous to those 
whereby free neutral hydroxyl] is formed in aqueous solution. Two recent papers by one of us 
(Waters, J., 1942, 266; 1946, 1154) have considered these possibilities, and relevant experimental 
work is in hand. With regard to (a) our attention has been drawn by Dr. Z. E. Jolles to his 
isolation of benzene, anisole, phenetole, toluene, and naphthalene from decompositions of 
alkaline diazotised solutions of aniline, o- and p-anisidine, p-phenetidine, m- and -toluidine, and 
a- and §-naphthylamine, and also to the production of diaryl derivatives as regular components 
of the resultant resins (cf. Gazzetta, 1931, 61, 403; Atti R. Accad. Lincet, 1932, 15, 292, 395). 
This work vitiates Hodgson’s suggestion that the claim to have identified benzene as a minor 
product from the decomposition of diazobenzene hydroxide (J., 1937, 2016) is unfounded and 
that instead nitrobenzene had been formed by an ionic reaction in which free nitrite anions 
were concerned. The product identified as benzene was separated from the reaction mixture by 
a procedure which should have minimised contamination with any substance of higher boiling 
point. In this connection reference should be made to the fact that as long ago as 1925 Gellisen 
and Hermans (Ber., 1925, 58, 984) recognised the dual character of the reactions of certain 
diazo-compounds with water, and quoted examples of the replacement of the diazo-group by 
hydrogen without the use of any added reducing agent. The evidence for the occurrence of 
homolysis of an un-ionised diazoaryl hydroxide in aqueous solution is of necessity inconclusive, 
since as soon as any reaction has taken place there is regularly formed a water-insoluble tarry 
product which may then extract the diazohydroxide and thereafter allow it to decompose 
homolytically in the non-aqueous phase (cf. the mechanism proposed for the Hey~Gomberg 
reaction, J., 1938, 108). 

With regard to (b), which was indicated in the paper which dealt with the Sandmeyer reaction, 
we can see no inherent difference between the proven reaction (i) and either (ii) or (iii) : 


(i) + HO-OH Fe*** + (HO’)~ + -OH 
(ii) Ph-N=N-OH + Fe(CN),~" —> Fe(CN),"~ + (HO:)~ + N, + Ph: 
(iii) PhN,* ++ Cu* Ph: + N, + 
and are prepared to agree with Hodgson that (iii) may occur within a diazonium—cuprous halide, 
so that the phenyl radical attacks vicinal chloride anions and never truly becomes “‘ free’”’, In 
just the same way it has been suggested that (i) occurs within the solvate shell of a ferrous ion, ¢.g. : 


(Fe++, HO-H) + HO-OH —> (Fe+++, OH) + H,O + -OH 


Here again the crucial experiments which show that more than one mechanism may well be 
involved are the many observations which indicate that the decompositions of different complex 
diazonium halides are differently affected by the dilution of the solution (cf. Hodgson, Chem. 
Reviews, 1947, 40, 251). In the case of the ferrocyanide reaction (ii) the anomalous product is 


[ 
f 


is 
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formed in best yield when the pH of the solution is controlled to such a value that an un-ionised 
diazohydroxide can be formed (W. A. Waters, unpublished observations). 

Further investigation of these border-line cases is desirable, but whatever the outcome we 
feel that we are fully justified in maintaining that the decomposition reactions of the aromatic 
diazo-compounds can take either homolytic or heterolytic courses according to circumstances, 
and that occasionally both processes may occur simultaneously. We further maintain that 
since the factors which facilitate, or inhibit, the elimination of nitrogen from a substituted 
kation [R-C,H,-N,]* or covalent molecule R-C,H,-N-N-X are differently affected by the 
nuclear substituent R, any one complete generalisation drawn from experiments made with a 
few diazo-compounds only is likely to be invalid. 
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174. Synthesis of 6: 7-Diethoxy-3-methylisoquinolines. 
By V. Bruckner, G. Fopor, J. Kiss, and J. KovAcs. 


The preparation of l-substituted 6 : 7-diethoxy-3-methylisoquinolines by two alternative 
routes is described: (A) The #-nitrosite (Ilg) of 3 : 4-diethoxypropenylbenzene (Ig) was converted 
into 2-nitro-1-3’ : 4’-diethoxyphenylpropy]l acetate (IIIg) and thence through theamino-ester(IVg), 
the acetamido-alcohol (Vg, a = Ach, and the acylamidopropanols (Vg, R’’ = acyl) into the 
required compounds (VI; R= R’= Et). (B) 3: 4-Diethoxypropiophenone afforded com- 
pounds of the type (V) via ‘its isonitroso-derivative (VII) and 2-amino-1-3’ : 4’-diethoxy- 
phenylpropanol (Vg, R’ = H). 

The aminopropanols and their acyl derivatives obtained by both routes were stereoisomers. 
The instant migration of the acyl group from N to O was only observed in case of some com- 
pounds prepared according to route (A). Both series of acylamides yielded on ring closure the 
same 3-methylisoquinolines. The latter, ¢.g., the 1-phenyl derivative, have a higher spasmo- 
lytic activity and a lower toxicity than papaverine. 


In previous communications (Parts I—VI; Bruckner and Kramli, J. pr Chem., 1936, 145, 
293; Bruckner and Fodor, Ber., 1938, 71, 541; Bruckner and Bodnar, Magy. Biol. Kut. Munk., 
1943, 15, 404; Fodor, Ber., 1943, 76, 1216; Kovacs, Acta Chem. et Phys. Univ. Szeged, 1943, 
I, 109; Bruckner and Kovacs, Ber., 1944, 77, 610) the synthesis of some 3-methylisoquinolines 
was described: y-nitrosites (II) of propenylphenyl ethers (I) were converted by an acetylating 
decomposition into 2-nitro-l-arylpropyl acetates (III), these were electrolytically reduced in 
acid medium to salts of the 2-amino-1l-arylpropy] acetates (IV), and on addition of alkali migration 
of the acetyl group afforded 2-acetamido-l-arylpropanols (V, R” = Ac). These can be 
easily hydrolysed by means of dilute sulphuric acid, as the acetyl group migrates to the oxygen, 
and the amino-propanols are formed. These were then acylated, and the acylamides obtained 
condensed to the corresponding 1-substituted 3-methylisoquinolines (VI). This cyclisation 
leads (see Bruckner and Kovacs, /oc. cit.) in all cases to 6 : 7-disubstituted isoquinolines; the 
suggested formation of 7 : 8-disubstituted isomers (cf. Pfeiffer, Breitbach, and Scholl, J. pr. 
Chem., 1940, 154, 157) could not be detected. 


C,H,(OR)(OR’)*CH(OAc)*CHMe-NH 

(a: R= R’=Me; b: R, R’ = CHy; Me, R'(O=H; d: R=CH,Ph, R’= Me; 
e: R=CH,Ph, R’=CH,Ph; f: R= Me, R’ = Et; g: R=R’=Et; A: R=H, R’= 
Ci, OMe; i: R =CH,-OMe, R’ = H.) 

R C,H,(OEt), 
R’ C,H; CO-CMe:N-OH_ (VII. 
(VI.)  C,H,(OEt),-CO-CHMe-NHR  (VIII.) \ (X.) 


C,H,(OEt),-CH(OH)-CHMe-NH, (IX.) 


The isoquinolines already described (Part I—VI) were prepared by this route from pro- 
penylphenyl ethers (I, a—/f). The synthesis of 6: 7-diethoxy- yr -l-aralkyl-3-methyl- 
tsoquinolines (VI) from 3: 4-diethoxypropenylbenzene (Ig) is of pharmacological interest. 
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Investigations on the relationship between chemical structure and spasmolytic activity of 
isoquinolines show that tetraethoxypapaveroline is the most active of this series; moreover, 
3-methylisoquinolines have lower toxicity than the 3-unsubstituted analogues (Sugasawa and 
Sugimito, J. Pharm. Soc. Japan, 1941, 61, 62). 

3 : 4-Diethoxypropenylbenzene (Ig) was prepared from safrole by four different methods 
(cf. Part V). The cleavage of safrole with methanolic potash to a mixture of methoxyiso- 
eugenol (Ih) and methoxyisochavibetol (Ii) (cf. Bruckner and Fodor, Ber., 1943, 76, 466), 
followed by hydrolysis of each and subsequent ethylation without isolation of the intermediate 
3 : 4-dihydroxypropenylbenzene to (Ig), was found to be the best way of preparation. (Ig) 
was converted by the route described above (IIlg —-> IIIg —-> IVg —-> Vg, R” = Ac) into the 
acetamido-propanol (Vg; R” = Ac). Migration of the acetyl group and deacetylation, followed 
by Schotten—Baumann acylation of 2-amino-1-3’ : 4’-diethoxyphenylpropanol, gave the 
acylamides (Vg; R” = acyl), and cyclisation of these by means of phosphorus oxychloride 
gave good yields of the isoquinolines (VI; R = R’ = Et). 

As safrole was not available during the war, the same isoquinolines had been also prepared 
by another route starting from o-diethoxybenzene via isonitroso-3 : 4-diethoxypropiophenone 
(VII). This novel route was also an attempt to synthesise the isomeric aminopropanols related 
to ephedrine, as reduction of isonitrosopropiophenone yielded norephedrine. Starting from 
the ¥-nitrosites, on the contrary, always leads to the corresponding ¥-ephedrine derivatives. It 
was further of interest to effect the ring closure of acylamides of different steric configurations, 
as the direction of this condensation (m,p or 0,m) of some acylnor-/-ephedrines was questioned 
by Pfeiffer (oc. cit.). 

o-Diethoxybenzene was converted very smoothly into 3: 4-diethoxypropiophenone, 
which was also obtained on ethylation of the already known 3: 4-dihydroxypropiophenone. 
Diethoxypropiophenone reacts with isobutyl nitrite in benzene or methanolic solution to give 
in a nearly quantitative yield «-isonitroso-3 : 4-diethoxypropiophenone (VII). This was easily 
reduced in alcoholic solution in the presence of Adams’s catalyst and of alcoholic hydrogen 
chloride to 2-amino-1-3’ : 4’-diethoxyphenylpropanol (V; R = R’ = Et, R” = H). It is not 
necessary to isolate the intermediate amino-ketone (VIII, R = H). 

The amino-propanol was acylated to give the acetamido-derivative (Vg, R’’ = Ac); the 
physical properties of this amino-propanol and of its derivatives are evidently different from 
these of the amino-propanol obtained from the ¥-nitrosite (IIg) (see table), indicating a differ- 
ence in steric configuration. By analogy, the compounds obtained from the isonitroso-ketone 
may be regarded as norephedrine derivatives (cf. Hartung et al., J. Amer. Chem. Soc., 1931, 
58, 4149; Rabe, Ber., 1912, 45, 2166), and those from the y¢-nitrosites as y-norephedrines (cf. 
Bruckner and Fodor, Ber., 1943, 76, 472). The acylamides obtained from the isonitroso- 
ketone yielded on ring closure, which eliminates the molecular asymmetry, the same iso- 
quinolines as the acylamides (see table). The steric configuration therefore has no influence 
upon the direction of the ring closure. 


From ¢-nitrosites. From isonitroso-ketone. 


R=R’=Et), (Vg), 
m. p m. p. 


96—97° 
128-5—129 125—126 
132 * 85—86 
111—112 
CO-C,H;(OEt), 158-5 96—97 
CO-C,H,(OEt),°CH, ... 98—99 117—118 112—113 113—114 
: * Diacylated product (cf. Experimental). 
+ From the isoquinolines obtained in different ways. 


The two series of acylamides show a difference in one respect. The y-acylamides will 
undergo instant migration of the acyl group from N to O on addition of 1 mol. of alcoholic 
hydrogen chloride; whereas the N-acylamides related to the norephedrine remain unchanged 
under the same conditions. The different chemical behaviour is probably due to the different 
steric relationship of the hydroxy- and the amino-group in the acylnorephedrine and the acyl- 
nor-y-ephedrine molecules. Further investigations on the acyl migration of ephedrine and 
y-ephedrine derivatives will be reported elsewhere. 

If the reduction of «a-isonitroso-3 : 4-diethoxypropiophenone is interrupted after the 
uptake of 2 mols. of hydrogen, a-amino-3 : 4-diethoxypropiophenone hydrochloride (VIII, 


(Vg), R=R’=Et), Mixed 
V; RY” = m. p. m. p. m. p.t 
96° 
125—126 
85—86 
110—112 
96—97 
114 
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R =H) is obtained. This was benzoylated under Schotten—Baumann conditions to give 
(VIII; R = Bz). Attempts to cyclise the latter by means of phosphorus oxychloride to 
the corresponding isoquinol-4-one failed because of the formation of the oxazole (X). The 
structure of the latter was confirmed by its formation from the benzamido-ketone at room 
temperature with thionyl chloride. Preparation of oxazoles by a similar treatment had already 
been reported (Robinson, J., 1909, 95, 2167; cf. Campbell, Haworth, and Perkin, J., 1926, 
32). The hydrochloride of (X) was converted by water into the free base, which could be 
distilled unchanged even under atmospheric pressure. 

Prof. B. Issekutz, junr., has assayed the spasmolytic effect of all these isoquinolines and 
found all except the 1-methyl derivative to be more active than papaverine. It is surprising 
that the l-phenyl derivative possesses the same activity as tetraethylpapaveroline and as the 
alkoxyphenyl and the alkoxybenzyl derivatives of 6 : 7-diethoxy-3-methylisoquinoline. It is 
not toxic and could be used medicinally. 


EXPERIMENTAL. 
~ -3’ : 4’-dietho. .—3 : 4-Dietho wibenzene (cf. 
zumi, J. Ind. Japan 1931, 12B). The mixture (b. p. 120—138°) of 


300 g. of (Ih) a a obtained by alkaline ees of safrole was dissolved in anhydrous ethanol 
(700 c.c.) and heated to the b. p. in a stream of carbon dioxide, “on being excluded. Then 12 drops 
of concentrated sulphuric aci dissolved in anhydrous ethanol (25 c.c.) were added, and the mixture 
refluxed for a further 45 mins.; it was then cooled, ethyl iodide (600 g.) and anhydrous potassium 
carbonate (420 g.) were rapidly added, and the whole heated under reflux for 16 hrs. (interrupted over- 
night). The yellowish alcoholic solution was filtered from inorganic salts, these were extracted 
several times with anhydrous alcohol, and the united extract evaporated in vacuum. The residual 
yellow oil was dissolved in ether, and the solution shaken with 0% sodium hydroxide to remove 
phenolic compounds, washed with water, dried (Na,SO,), and the solvent evaporated. The residual 
oil crystallised on cooling. It distilled (b. p. 126—128°/3—4 mm.) as a colourless liquid, which c 
lised (270 g.); yield 85%. The product could be recrystallised from dilute alcohol, m. p. 54°. is 
sufficiently pure for the of the ¢-nitrosite ; however, it contains a small amount of 
methoxy-4-ethoxypropenylbenzene, which can be eliminated as follows: the distillate (270 g.) is dis- 
solved in anhydrous eth ethanol (500 c.c.), and the solution refluxed for 45 mins. after addition of Tatehante 
acid (10 drops) in ethanol (25 c.c.); then anhydrous potassium carbonate is added, and the whole 
per rated in a vacuum to dryness, the resulting oil taken up in ether, the ethereal solution washed 
alkali and water as above, and evaporated, and the residue distilled in vacuum. The loss is 3—5% 
(Found : C, 75-45; H, 8-7. Calc. for C;,3H,,0,: C, 75-7; H, 8-8%). 
b-Nitrosite (Ig) (cf. Kovacs, Inaug. Diss., Szeged, 1943). Fres y distilled diethoxypropenylbenzene 
(110 g.) was dissolved in ether and converted into the #-nitrosite in the usual manner (Bruckner, Annalen, 
1935, 518, 226); it is necessary to add the 20% sulphuric acid (300 c.c.) during 1 hour to the sodium 
nitrite (150 g.). The crystalline crude product (80 g., 53%) was washed and dried as described (loc. 
cit.), and can be used for the following decomposition without tallisation. The ¢-nitrosite is soluble 
in chloroform and benzene, insoluble in ether; m. p. 124-5—125-5° (decomp.) (Found: C, 55:1; 
6-1. CysH1,05Ny requires C, 55-3; R, 6-4%). 
2-Nitro-1-3’ : acetate (IIIg). The foregoing ¥-nitrosite (80 g.) was powdered 
and suspended in acetic anhy 240 c.c.), then a mixture of acetic anhydride and concentrated 
sulphuric acid (4 drops) was added nthe with ice-cooling and vigorous stirring. The #-nitrosite 
dissolved with evolution of nitrous gases, the reddish-brown — was poured into mechanically 
stirred ice—water, and stirring was continued until the “a a il crystallised. Recrystallised from 
methanol, the acetate fo colourless prisms (52 g. %), te p. 75° (Found: C, 58-0; H, 6-9. 
C,,H,,0,N requires C, 57-8; H, 6-8%). 
$-2-Acetamido-1-3' : wipropanol (Vg, R’’ = Ac).—The above acetate (30 g.) was 
dissolved in a mixture of ethanol (170 c.c.) and glacial acetic acid (80 c.c.), concentrated hydrochloric 
acid (26 c.c.) added, and the solution reduced electrolytically in a mercury electrode apparatus (cf. 
Bruckner and Fodor, Ber., 1943, 76, 474). As anolyte, 20% sulphuric acid solution was used; c.d., 
0-07 amp. /cm.?; temperature, not above 60°. After passage of double the theoretical quantity of 
current, the catholyte solution was treated with a saturated aqueous solution of sodium acetate 
(25 g.) and eva; ee to dryness in a vacuum at 50° (bath temp.). The residue was diluted with 
water, and solid sodium bicarbonate added in excess; the acetamido-compound which separated was 
filtered off, washed with water, dried, and washed with ether; snow-white crystals (18-5 g., 65-8%) 
resulted, which could be recrystallised from toluene, ethyl acetate, %) chloroform-ether; m. p. 128— 
131° (Found: C, 63-9; H, 8-1. C,,;H,,;0,N requires C, 64-0; H, 8.2% 
y-2-Amino-1-3' : 4’-diethoxyphenylpropyl acetate hydrochloride. (as migration of acetyl grow 
hyd compound (Vg, R” = rey ( of was dissolved in anhydrous methanol (10 c.c.), methanolic 32-1% 
nyt OH) chloride (1-26 c.c.) added, and the solution evaporated to dryness in a desiccator (over Ca L 
H). The resulting crystalline hydrochloride was recrystallised by dissolving it in chloroform 
(10 c.c.) and adding ether (10 c.c.); colourless needles, m. p. 162°, very soluble in water, alcohol, and 
chloroform (Found: C, 56-4; H, 7: 9. C,,H,,0,NCI requires C, 56: ). An aqueous solution 
of this hydrochloride al g.) was dissolved in water and made alkaline sodium carbonate; the 
— crystals showed the same m. p. and mixed m. p. as the N-acetassido-comipound (Vg, R” =Ac), 
above 
p-2-Amino-1-3’ : 4’-dietho mgt eed (IX). The acetamido-compound (Vg, R’” = Ac) (3-6 g.) 
was dissolved by heating it carp 10% sulphuric i (38 c.c.) on a steam-bath, and the resulting solution 
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was treated with charcoal, filtered, the filtrate cooled, and made alkaline with 10% sodium hydroxide. 
The precipitated base was filtered off, washed with water, dried, and washed with ether. A white 
solid (2 rs) was — easily soluble in dilute hydrochloric acid. Recrystallised from benzene or 
ethyl acetate, it form lates or needles, respectively, m. p. 116—117°. On dissolving the amine 
(0-5 g.) in the oneal amount of 10% hydrochloric acid and adding acetone (10 c.c.) and ether 


ae oan My hydrochloride ted on standing; m. p. 176—177° (Found: C, 56-4; H, 84. 
Cl requires C, 56-6; H, 8-05%). 
Derivatives (Vg, R” = acyl) of ¥-2-Amino-1-3' : 4’-diethoxyphenylpropanol.—For the 


tion of the ¢-N-acylamides it is not necessary to isolate the above amine, for it can be acylated 
after neutralisation with 2N-sodium hydroxide by adding simultaneously a 25% benzene solution of 
the appropriate acid chloride, and the equivalent amount of sodium hydroxide, so as to keep the solution 
slightly ine. Stirring was continued for an hour, and the water was then decanted from the pasty 
solid product and the latter treated with water until crystalline. Generally, after 1—2 hours in the 
ice-box, the acylamide was filtered off, washed with water (sometimes with methanol) and, after drying, 
with ether. All these amides were recrystallised from dilute alcohol; the m. p.s are those of a 
recrystallised substances and are uncorrected. "4 derivative, from amine (3 g.) 7 
chloride (1-6 g.), gr needles (3-2 g., 81%), m. p. 129° (Found: C, 70-0; H, 7-6. 
requires C, 69-9; H, 7-3%); derivative, amine (4 and Lveratroyl chlorite 
crystals 6g 819%), m. p. 149—151° (Found: C, 65-2; H, 7-4. O,N requires C, 65-5; 
7- 7:25%) : sethoxybenzamido-compound, from base. (9 g.) and ride (7-2 colourless 
delicate haf (11-3 g., 81- 8%)» m. p. 158-5° sre C, 66-85; H, 7-85. H,;,0,N requires C, 
_ 66-8; H, 7-°7%); 3”: 4"-dieth xyphenylacetami mous. from amine (4-2 g. and chloride 
3-8 g.; ‘crude oil obtained from the acid with \thiony chloride), delicate needles (3 g., 41%), m. p. 
8—99° (Found: C, 66-7; H, 7:8. C,,H;,0,N requires C, 67-4; H, 7:9%); henylacetamido-com- 
from amine 5 and ‘phenylacetyi (1-5 g.), “crystals (I: g., 60%), m. p. 132° (Found : 


73-4; H, 7-2. N requires C, 73:2; H, 7-0%). 
(C) Preparation” 4’-diethoxyphenylpropanol from a-isoNitroso-3 : 
ophenone.—3 : 4-Diet. ophenone. (a) From o-diethoxybenzene. Anydrous aluminium chloride 


(147 g.) was dissolved in Pe alessaeenes (650 g.), o-diethoxybenzene (174 g.) added, and the solution 

leah te = — 5°. Propionyl chloride (110 g.) was added during 30 mins., the mixture kept for 2 hrs. 
Saleen 0° and — 5°, then poured into ice (750 g.) acidified with concentrated hydrochloric acid (12-5 
c.c.). The nitrobenzene layer was diluted with ether (1000 c.c.), washed with water, and three times 
with 10% sodium hydroxide (3 x 200 c.c.), then once more with water, and dried (CaCl,). The solvents 
were removed, and the a from light (b. p. The solidified 

170 g., 73- 1%) was recrys or ysis from oe eum ; needles, m. p. 38—3 

: C, 7 70-0; H, 7°75. C,3H,,0, requires C, 70-2; 8-2%). 

(b) From dilydrexypropiophenone. 3: 4-Dihydroxypropiophenone (41-5 g.; Miller, Ha 
et al., J. Amer. Chem. Soc., 1931, 58, 4149) was dissolved in alcohol (200 c.c.), the solution mixed wi 
ethyl bromide (60 g.), 25% alcoholic solution (80 c.c.) of potassium hydroxide (28 g.) added ceo 
with stirring, and the whole boiled for 5 mins. The mixture was then heated under reflux for 3 hrs., 
more ethyl bromide (10 g.) added, and refluxing continued for 6 hrs. After 12 hrs.’ standing in an ice-box, 
the potassium bromide was filtered off, the filtrate evaporated, and the residue extracted with hot 
benzene. This extract was washed three times with 20% sodium hydroxide solution, dried (CaCl,), 
the benzene removed, and the oily residue distilled; b. p. 181°/30 mm. The resulting crystals (30 g., 
54%) melted alone and in admixture with the specimen obtained above at 38—39°. Acidification of 
the alkaline extracts afforded the monoethylated ketone (18-5 g.), which could be ethylated to the 
diethoxy-ketone. 

a-isoNitroso-3 : 4-diethoxypropiophenone (VII). To a solution of na) waa xypropiophenone 
-4 g.) in anhydrous (200 c.c.), 20% ethereal chloride (87 6 5) was added, followed 

freshly distilled isobutyl nitrite (23-7 g.) dropwise during 30—45 e mixture was kept 
for 12 hrs. at room temperature, then neutralised with calcium calenahe, filtered, and the filtrate 
evaporated to dryness in a vacuum. The residue became crystalline, and was filtered off and washed 
with cold dilute alcohol to furnish pale yellow needles (45 g., 90%), m. p. 121°, after recrystallisation 
from 50% alcohol. When the condensation was carried out in benzene solution, the isonitroso-ketone 
68%), the reaction mixture on standing (Found: C, 62-4; H, 7-0. C,,;H,,O,N requires 

62- 

a-Amino-3 :  Eicthoyprapiophonone (VIII, R=H). An alcoholic (50 c.c.) suspension of Adams’s 
catalyst (2 g.) was saturated with hydrogen, and the isonitroso-ketone (16-5 g.) in anhydrous alcohol 
(200 c.c.) a, followed by 4n-hydrogen chloride in anhydrous alcohol (49-5 c.c.). During about 8 hrs.’ 
shaking under hydrogen at room temperature 2 mols. of hydrogen per mol. of ketone were absorbed ; 
the mixture was treated with 5n-sodium hydroxide (26 c.c. rm 5 c.c. of the solution were evaporated 
to isolate the amino-ketone, the greater part being hydrogenated as below to the amino-alcohol. The 
crystalline residue of the ‘Geek > hie cn recrystallised from alcoholic hydrogen chloride as 
needles, m. p. 203° (Found: C, 57-4; H, 6-8. C,,;H,,O,N,HCI requires C, 57-0; H, 7-0%). 

2-Amino-1-3’ : 4-diethoxyphenylpropanol (IX).—The major of the solution obtained in the 
foregoing experiment was treated with platinum oxide (0-2 g.) after neutralisation of the excess of 
hydrochloric acid, and hpdvageented for 4 hours until a further 1 mol. of hydrogen was absorbed, 
the solution then no ) crystallised eae Fehling’s solution; it was evaporated, and the resulti crystalline 
hydrochloride (18 from ethyl acetate as colourless needles, m. p. 199° (Fou C, 57-1; 

, 8-3. HCl requires C, 56-6 ; 8-05%). The bass was crystals, 

146—147° (Found : C, 65-05; H, 9-0. C,3H,0,N requires C, 65-2; H, 8-85%), on decomposition 


of h with 50% sodium 


(D) Derivatives Ve, R” = acyl) of 2-Amino-1-3’ : 4’-diethoxyphen 
amines except the acetyl derivative (obtained by acetylation with acetic 
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ime follows. The crude h 


ydrochloric 
acid. All acylamines, except the N-acetyl derivative, 9 eu oon dilute alcohol; the 


the was dissolved in 


. The 

anhydrous ‘spain ine (60 c.c.), was treated with acetic 

with ice-water. ne (00 was teed with acetic anhydride (Ig) baking and. coking 

Cee Fae crystallised on standing. Recrystallised from benzene, it formed colourless 
needles (3-5 g., A. ), m. p. 124—125°, mixed m. p. with y-analogue 108° (Found: C, 64-3; H, 8-5. 


C,;H,,0,N , 64-0; H, 8-2%). The compound was insoluble in dilute aqueous hydrochloric 
acid and ‘ ted by treatment with an equivalent of alcoholic hydrochloric acid. On condensation 
with hosphoryl chloride, it afforded 1 : 3-dimethylisoquinoline. 

ON-diacetyl compound was obtained by dissolving the hydrochloride of the 


amino-alcohol 
(m. p. 146°) in enacts P ab ony c.c.) and acetylating it as described above but with a further 
1-5 g. of acetic anh e cru 


from colourless (0-6 g., m. p. 134—135° C, 63-3; 


chloride (6-4 
uires C, 69-9; 
"ON: (2 g.), 


aad, 
‘when 


‘Ring Closure of the Stereoisomeric to (VI).—The intramolecular con- 

densation of the acylamides was effected in chloroform or in toluene (for p tion of toluene for 
this reaction see Part II, p. 547) solution by means of phosphoryl chloride as follows: the acy: 
(1 g.) was dissolved in oroform or toluene (5—30 c.c.), phosphoryl chloride (1-5—2 g.) added, and 
the mixture refluxed for 40—120 mins., the isoquinoline na belie precipitated. The reaction mixture 
was allowed to cool, then extracted repeatedly with warm water, and the yellowish-green extract 
cleared with charcoal; on cooling, the hydrochloride separated as greenish-yellow crystals, which could 
be recrystallised from 2N- ydrochloric acid. When aqueous solution or the mother-liquor was 
made alkaline, the free base crystallised. It could be recrystallised from dilute alcohol. e ring 
closure of the ¥-acylamides is described under (2), that of — es under (5). 

6 : 7-Diethoxy-1 : 3-dimethylisoquinoline (VI, R = R’ = Et, =Me). (a) Treatment of the ¢-N- 
acetylamine 2 in chloroform (20 c.c.) with phosphoryl! hloride (3 c.c.) yielded the free base 
(1: ‘3 g., 74%), m. 96—97°. (b) The stereoisomeric acetylamine (0-5 g.) lved in chloroform 
c.c.), similarly the bese (04.2. m. p. alone and mixed with the isoquinoline 

(a) 96° : C, 72°8; H, 8-1. ©, 73-4; H, 7-8 


6 : 7-Diethoxy-1-phen 1-3-methyli inols R= = R” = the -benz- 
pound (Es in (30 c with | ride (2 c base (0- 3 g. 

in toluene c.c.) ory. ie ( 


126° (Found: C, 78-0; H, 
1-3’ : 4’-dimet - isoguinoline. (a the g.) in 
edie (40 c.c.) and phosphory] chloride (3 c.c.) the isoquinoline hydrochloride ( (1-8 g., 80%) was obtained, 
m. p. 236-5—237°; the formed needles, m. p. 111—112°. (b) From the N- -veratroylamide (1 ) 
in toluene (25 c.c.) and eRe ns oo’ (1-5 c.c.), the hydrochloride-was obtained (0-65 g., 65 
m. p. 236—237° (Found : C 50,N,HCl requires C, 64-9; H, 6-5%) ; base (Found : 
C, 71-75; H, 7-2. 71-9; , 6-9%). 

3’: 4':6: 7-T (a) The g-amide (10 g.) in toluene (50 c.c.) 
and nd chloride (15 c.c.) yielded the isoquinoline hydrochloride (5 g., 50%), m. p. 222°; the hor 
formed delicate needles, m. p. 96—97°. (b) The N-acylamide (1 g.) in to uene ee c.c. 
chloride (1-5c.c.) yielded the same hydrochloride (0-63 g., 63%) (Found: C, 66-5 ond pause 
requires C, 66-7; H, 7-0%) and base. 

6: cyl clade cc) yielded the fee Baw (a) The (1 g.) with toluene (25 and 
phosphoryl chloride (1-5 c.c.) the free forming colourless octahedra; 
chloride, m. p. 213—215° (decomp.) sa?) The the med DE. 1 g.), toluene (25 c.c.), Hy 

chlorite 0-65 g., 73 


oer 1-5 c.c.) yielded ,m. p. 85—86° (Found: C, On: 
, 6-8. C,,H,,O,N requires C, 70-45; H, H, 6 

3’ : 4°: 6: 7-Tetr (a) The f-amide 2 oa), 
201—202 eedles, m. p. The The ==, ( 
i ° and chloride (1 c.c.) gave g 

73-0 loride requires C, 73-3; 76%) 


. and 50% sod ere added dropwise and simultaneously with vigorous stirring, the reaction 
mixture bein alkaline during this process. The mixture was stirred until the separated 
tallised 
H, 8-0. 
The 
formed long needles g., 84%), ound: C, 70-2; H, 7-5. C, 9H,,O,N 1 
H, 7:3%); the veratroyl derivative, from the cy oy (2-75 g.) and veratroyl ; 
formed colourless prisms (3-1 g., 79-4%), m. p. 110° (Found: C, 65-9; H, 7-4. Cy, 
C, 65-5; H, 71-25%) ; the diethoxybenzamido-compound, from the aminopropanol (2-75 g.) and the acyl ; 
chloride (2-3 g.), when purified was obtained as colourless needles (3 g., 69-7%), m. p. 124° (F 
C, 66-8; H, 7-7. C.,H;,0,N requires C, 66-8; H, Tee ; the 3” : 4’’-diethoxyphenylacetamido-com 
from hydrochloride (1:37 g.) and acyl chloride (1-75 g.), was obtained in 58-4% re (1-3 g. 
recrystallised; m. p. 112—113° (Found: C, 67-8; H, 7-65. C,,H,,O,N requires C, 67-4; H, 7 7 
and the phenylacetamido-compound, from hydrochloride (2-75 g.) and phenylacetyl chloride (1-7 g.), 


890 Notes. 


(F) Derivatives of a-Amino-3 : 4-diethoxypropiophenone (VIII, R = H).— Benzoyl derivatives. The 
amino-ketone Lf ng irre (3 g.) was dissolved in water (50 c.c.) at 40—50°, benzoyl chloride 
(1-5 g.) dissolved in benzene (4-5 c.c.) was added, and the mixture basified with 50% sodium hydroxide, 
with continuous stirring. In a few minutes, yellowish crystals separated; these were filtered off, 
washed with water, and the resulting > ae compound (3 g., 80%) recrystallised from dilute alcohol, 
eens colourless needles, m. p. 124-5° (Found: C, 70-4; H, 7-1. Cy9H,,;0,N requires C, 70-3; H, 

“8%). 
2-Phenyl-5-3’ : 4’-diethoxyphenyl-4-methyloxazole. (a) The amide (VIII; R = Bz) (2 g.), dissolved 
in toluene (50 c.c.), was refluxed for 4 hours with phosphory] chloride (4 c.c.), the solution evaporated to 
0 c.c., and cooled ; e yellow crystals separated, which were recrystallised from 65% alcohol; m. p. 
114—114-5°. The solution showed a bluish-violet fluorescence. (b) The amide (VIII; R = Bz) (1g.) 
was dissolved in pure cold thionyl] chloride (3-5 g.), and the yellowish-brown solution kept for 30 mins. 
at room temperature. On addition of anhydrous ether (40 c.c.) a delicate crystal powder (0-25 g.) 
ted, and removal of the solvent in a vacuum afforded a further crop of the same crystals (0-2 g.), 
m. p. 166—167°, consisting of the hydrochloride of the oxazole. When these were dissolved in ho 
33% alcohol, a took place and the free base, m. p. 114°, crystallised (Found: C, 74-5; H, 
6-8. C,,H,,0O,N requires C, 74-4; H, 6-55%). 


UNIVERSITY, SZEGED, HUNGARY. (Received, June 2nd, 1947.] 
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A New Preparation of 3 : 4-Bis-(3’ : 4’-dihydroxyphenyl)-n-hexane. By GABor Fopor and J. WEIN. 


THE preparation of a derivative of hexoestrol with two “og groups in the same ring (I), similar to 
oestriol, was first described by Short (Boots Pure Drug Co. Ltd. and Short, B.P. 525,320/3.12.1938 ; 
Short, Chem. and Ind., 1940, is, 703), from methylisoeugenol hydrobromide. We had synthesised (I) 
from 3 : 4-diethoxypropiophenone by the azine route, being unaware that Baker (J. Amer. Chem. Soc., 
1943, 65, 1572) — the same method to 3 : 4-dimethoxypropiophenone. As our yields are far 
better than Baker’s, and all the intermediates are different, we briefly record our procedure. 


H Eto 
R = 
(noc cute) (RCEtN—), (RCHEtN=), (R-CHEt—), ( 
(1) (II.) (III) (IV.) 


3: Azine (II).—The ketone (Bruckner, Fodor et al., this vol., p. 885) (11-1 g.) 
was dissolved in ydrous alcohol (12 c.c.), and hydrazine hydrate (2-5 c.c.) and glacial acetic acid 
(3 c.c.) were added. The mixture became hot, and after } hr.’s heating on a steam-bath it solidified. 
After ice-cooling, the golden-yellow c: (11 g.) were filtered off; m. p. 134° (Found: C, 70-8; H, 8-3. 
requires C, 70-7; H, 8-2% 

3:3’: 4: 4’-Tetraethoxy-a-azopropylbenzene (III).—The foregoing azine (4 g.) was added portionwise 
to 80 c.c. of an alcoholic suspension of palladium-—charcoal (0-4 g.) previously saturated with hydrogen, 
and hydrogenated at 60° until 410 c.c. of gas had been absorbed (Calc. for 2 mols.: 403 c.c.). e 
catalyst was filtered off, and potassium acetate (2 g.) added to the filtrate; this was cooled to 0° and 
iodine (1-5 g.) added in small portions until it was present in excess as shown by its colour. The 
azo-compound separated as white i gor (1-5 &), m. p. 100°, a further 2 g. being obtained on addition of 
water to the mother-liquor; yield 87-5%. ¢ product can be recrystallised from alcohol (Found : 
C, 70-8; H, 8-8; N, 6-5. C,,H;,0,N, requires C, 70-9; H, 8-7; N, 6-56%). Like other aryl-aliphatic 
azo-compounds (see Fodor and Szarvas, Ber., 1943, 76, 334), (III) has a characteristic ultra-violet 
absorption band at 350 my; in the figure the absorption curve is compared with those of pp’-bis- 
acetamido-a-azopropylbenzene (Fodor and Wein, this vol., p. 684), pp’-dimethoxy-a-azopropylbenzene, 
and pp’-dimethoxy-w-azotoluene (Fodor and Szarvas, loc. cit.). 

3 : 4-Bis-(3’ : 4’-dimethoxyphenyl)-n-hexane (IV).—The foregoing azo-compound (1-33 g.) was 
heated in an oil-bath; at 100° it melted and evolution of nitrogen took — which became vigorous at 
135° with a sudden rise of temperature. The mixture was then kept at 170° for 10 mins. to complete the 
decomposition (loss of weight: 6-8. Calc.: 65%). The remaining oil (1-24 g.) was treated with 
cold light petroleum (10 c.c.) and the resulting crystals of (IV) (0-35 g.) were filtered off; m. p. 100°, 
raised by recrystallisation from glacial acetic acid or light petroleum to 115° (Found: C, 75-3; H, 9-0. 
CygH 5,0, requires C, 75-3; H, 9-2%). When the solvent was evaporated off from the original mother- 
liquor, and the residual liquid kept overnight at — 20°, a further crop of (IV) was obtained (0-22 g.; 
total yield 46%), and distillation of the residue afforded an oil (0-45 g., 36%; b. p. 145—147°/0-02 mm.) ; 
this could not be crystallised and was probably a racemic form, (IV) being a meso-form. 

3 : 4-Bis-(3’ : 4’-dihydroxyphenyl)-n-hexane (1).—(a) From the crystalline tetraethyl ether. The above 
ether (0-3 g.) was dissolved in a mixture of concentrated hydrobromic acid (2-4 c.c.) and glacial acetic 
acid (2 ak the solution heated under reflux for 4 hrs., and the resulting red solution evaporated in a 
vacuum to half its volume in a hydrogen atmosphere. On addition of water (10 c.c.) a grey solid (0-2 g.) 

ted and was washed with water; m. p. 227—-228°. After recrystallisation from dilute hol, 
white crystals were obtained, m. P. 232—233° (Short, loc. cit., recorded 231—232°) (Found: C, 71-3; 
H, 7:05. Calc. for C,,H,,0,: C, 71-5; H, 7-3%). Onstanding in air, they became dark violet. 

Tetra-acetyl derivative. The crude tetrah -compound was heated with an excess of acetic 

anhydride for 3 hrs., the solution evaporated to ess in a vacuum, and the resulting oily acetyl 
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derivative lised from benzene-light petroleum; m. p. 164° (Found: C, 66-7; H, 6-7. C,,H,,O, 
requires C, 66-7; H, 6-4%). 

(b) From the liquid tetraethyl ether. A redistilled sample of this ether “~ g.) was treated in a similar 
manner to the crystalline isomer; the crude product obtained could not be purified by recrystallisation 
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420 380 340 300 
A,mu. 
l. x—x—x—x— 3:3: 4: 4'-Tetraethoxy-a-azopropylbenzene (III) in 96% alcohol. 
2.----—- -—---— pp’-Bisacetamido-a-azopropylbenzene in n-butanol. 


260 220 


3. o—o—o—o—o— pp’-Dimethoxy-a-azopropy in 96% alcohol. 
4. pp’-Dimethoxy-w-azotoluene in 96% alcohol. 
The spectra were observed. with a Zeiss ‘‘ spectrograph for chemists’ with tungsten electrodes as light 


source. 
so was distilled in a high vacuum. The distillate melted at 80—90°, and gave the reactions of catechol 
derivatives. The product was characterised as its tetrvabenzoyl derivative, made by the pyridine- 
benzoyl chloride method and twice recrystallised from alcohol; m. p. 63—64° (Found: C, 76-2; 
H, 5-9. CygH 5,0, requires Cc, 76-8; H, 5-4%). 

The authors thank Miss Dr. M. Kovacs Oskolds for the microanalyses and Dr. L. for the 
measurements of absorption spectra.— UNIVERSITY, SZEGED, HunGaRY. ([Received, June 2nd, 1947.) 


Stereochemistry of the Disalicylides. By ALEXANDER SCHONBERG. 
tively), the former being 
etwo. For both, formula 


Two disalicylides are known, a- and £- isomers (m. p. 213° and 199—200° 
more reactive than the latter; each on being heated furnishes a mixture of 
synthesis, molecular weight, chemical 
er., 1919, 52, 


(I) is established, in agreement with the lack of colour, the 
Teactions, and Raman spectra (Einhorn and Pfeiffer, Ber., 1901, 34, 2591; R. Anschiitz, 

J. pr. Chem., 1941, 159, 264; L. Anschiitz and Mayer, ibid., 1942, 
343; Kohlrausch, ibid., 1941, 159, 268; Kahovec and Kohlrausch, _ 1943, 74, 333; L. Anschiitz 


1880; L. Anschiitz and Neher, /. 
L. Anschiitz and Gross, ibid., p. 644). 


and Neher, Ber., 1944, 77, 634; 


892 Notes. 


It by Héhn (see Richter—Anschiitz, “Chemie der Kohlenstoftverbindungen,” 
12th edtn., Vol. II, 11’ Bart 2, 1 302) that (I) represents two stereoisomers, namely, the “ chair ’’ form (II) 


(IL.) (III.) 


av) 


and the “‘ boat ’”’ form (III) (cf. “‘ Beilstein,’’ 4th edtn., Vol. 19, p: 172), but this hypothesis has not been 
generally accepted ; for instance, Meerwein (Ber., 1941, 74, 52) stated that the remarkable isomerism had 
not found a satisfactory explanation, and Anschiitz and Mayer (loc. cit.) regard Héhn’s explanation as 
unusual and state that no analogous cases of isomerism are known. 

It is true that it is doubtful if “ chair’ and ‘‘ boat ’’ isomers of cyclohexane will ever be isolated, at 
least under normal conditions of tem: ture; and only one form of s-dibe clooctadiene (V) has been 


isolated although several Sachse—Mohr isomers are theoretically ible (Baker, Banks, Lyon, and 
Mann, J., 1945, 28). There are theoretically several pine a J forms rms possible of cyclooctatetraene 
which have been described by Kaufman, Fankuchen, and Mark as “ tub,” “ chair,’’ and “‘ crown ’’ forms 


(XIth Int. Congr. Pure and Appl. Chem., Abstract No. 221 /3), but only one form has been isolated. 
(VI.) 

The critics of Héhn’s theory have failed to advance any alternative explanation, and his theory 
would be more readily acceptable if it afforded an explanation for the fact that the “ boat ’’ and the 

“‘ chair ’’ isomer of the disalicylides may be isolated, but that this is not possible with the hydrocarbons 
previously mentioned. Such an explanation is now offered. 

There is a fundamental difference between the disalicylides and these three hydrocarbons; in the 
former, the actual state of the molecules cannot be coment described without taking into consideration 
contributions of intrapolar forms [cf. inter alia (IV)], but these contributions are negligible in the case of 
the hydrocarbons: ( represents an intrapolar form of (II), as well as of (III). 

Stereoisomers of the Sache—Mohr type can only be isolated if a high energy barrier hinders their 
interconversion. In the disalicylides such a barrier may be due to the fact that interconversion cannot 
be brought about without overcoming either the attraction of electric forces (in the case of positive and 
negative “ — ”’") and/or the repulsion of “ poles ’’ of the same sign, but such a stabilising effect is 
lacking in “ chair” and the “ boat ’” form of cyclohexane, of (V), and of cyclooctatetraene. 

Relationship between the Stereochemistry of the Disalicylides and that of Ring Systems containing Sulphur 
Atoms.—Autenrieth has synthesised a number of compounds containing rings with two sulphur atoms 
and at least six carbon atoms. For these substances [e.g. (VI); see Autenrieth and Hennings, Ber., 
1902, 35, 1390] stereoisomers of the Sachse-Mohr should be possible, but they have not yet been 
isolated as far as the author is aware. In these ur compounds, the true state of the heterocyclic 
ring system can be described without taking into consideration intrapolar structures, as their influence 
is negligible, and therefore the fact that the theoretically possible Sachse~Mohr isomers have not been 
isolated may be explained as it has been for cyclohexane. 

Stereochemistry of Trithians.—For trithian (VII) and its derivatives the theory demands the existence 
of stereoisomers of the Sachse—Mohr . Ina number of cases isomers have been isolated (e.g., two 
isomeric trithiobenzaldehydes, m. p. 167° and 225°, are known) and these isomers are now pon A hong 
of the Sachse—Mohr type (see Schénberg and Barakat, -, 1947, 693; Nature, 1948, in the _: 
regard to these substances, the true state of the molecu es (this ‘applies to molecules both o ri chair” 
and of the “boat ’’ form) can only y: represented by taking into consideration intrapolar forms {cf. 
inter alia (VIIa) and also (VIII, R = H.-OMe)], an the the theory advanced to explain the high 
barrier between the two stereoisomeric Gasicylices eh should also be applied to the trithioaldebydes. The 
term “‘ intrapolar stabilisation ’’ is now proposed to describe the stability of stereoisomers of this oor, 
in place of the term “‘ resonance stabilisation ’’ previously used (Schénberg and Barakat, J., 1947, 693) ; 
latter was of thet (VII) and (VIIa) are resonance forms. 
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It is impossible to decide by means of chemical methods whether the stereoisomers of the isomeric 
thioaldehydes and disalicylides represent “ chair ’’ and “ boat’’ configurations (in the classical sense) 
or forms which lie between these two extremes. The classical models, which do not take into consider- 
ation the influence of electrostatic forces, are somewhat misleading. 

Physical methods used in the investigation of stereoisomers of the Sachse-Mohr have led to 
contradictory results; for instance, for cyclooctatetraene, Fankuchen, Kaufman, and Mark aia 
diffraction) and Thompson (infra-red data) favour the “‘ tub”’ form, but Hassel (electron diffraction) 
in favour of the “‘ crown”’ form (see Kaufman, Fankuchen, and Mark, Nature, 1948, 161, 165).—Fovuap I 
UNIVERSITY, FacuLty oF Science, ABBassiA-CarrO, Ecypt. [Received, June 4th, 1947.) 


The Preparation of 4-Hydroxyquinoline Derivatives from Aromatic Amines and Ethyl Ethoxymethylene- 
By G. F. DurFin and J. D. KENDALL. 


In a series of papers which have appeared recently (Price and Roberts, J. Amer. Chem. Soc., 1946, 68, 
1204; Riegel e¢ al., ibid., p. 1264; Lauer e¢ al., ibid., p. 1268) the preparation of a number 
of 4-hydroxyquinoline derivatives has been discussed. These compounds were prepared following the 
method originally suggested by Gould and Jacobs (ibid., 1939, a, 2809) for 4-hydroxyquinoline-3- 
carboxylic acids by the ring-closure of ethyl anilinomethylene- or nuclear-substituted anilinomethylene- 
malonates, the resultant ethyl 4-hydroxyquinoline-3-carboxylates giving, on hydrolysis and 
decarboxylation, the cmnenling 4-hydroxyquinolines. Schofield and Simpson (J., 1946, 1033), 
using the same method, have reported difficulties in the p: tion of ethyl ethoxymethylenemalonate 
and ethyl anilinomethylenemalonate, and the formation of by-products in the cyclisation of the latter. 

During an investigation into the synthesis of 4-hydroxyquinolines commenced in October 1944, a 
number of the compounds described by the aforementioned workers were prepared, using an analogous 
method. No difficulties were experienced in the preparation of ethyl ethoxymethylenemalonate or ethyl 
anilinomethylenemalonate, and cyclisation was effected easily without the formation of by-products. 
The ethyl ethoxymethylenemalonate was prepared by the method of Claisen (Annalen, 1897, 297, 75), 
and it was found that, provided the = were carried through rapidly, yields higher than that 
claimed by Claisen were obtained. Ethyl anilinomethylenemalonate was prepared, as stated by 
Claisen, simply by heating molecular equivalents of aniline and ethyl ethoxymethylenemalonate on the 
steam-bath for a short period, the anilino-ester readily crystallising on cooling in ice. Other nuclear- 
substituted anilinomethylenemalonates were obtained similarly by heating the appropriate intermediates 
on the steam-bath for periods varying from 20 minutes for o-toluidine to 16 hours for p-nitroaniline. All 
the anilino-esters crystallised either on cooling or, if of high m. p., immediately on removal from the 
steam-bath. Ring closure of the anilino-esters was effected by heating them in li se B.P., 
at 260—290° for periods varying from 15 minutes to 1 hour. With recrystalli ilino-esters the 
closure went smoothly and in one sense only, but attempts at cyclisation before purification gave low 
yields of dark products. Hydrolysis of the ring esters with aqueous sodium h: xide followed by 
acidification with acetic acid gave the free acids in almost quantitative yi These acids were 
characterised by high m. p.s and low solubility in all solvents. The acids were decarboxylated by heating 
them with liquid paraffin (B.P.) at 270—310° for 5—30 minutes, the course of decarboxylation being 
followed by measurement of the carbon dioxide evolved. Only with 6-nitro- and 6-acetamido-4-hydroxy- 
quinoline-3-carboxylic acid did the method fail to give the corresponding 4-hydroxyquinoline (cf. Riegel 
et al., loc. cit.; Baker, ibid., 1946, 68, 1267). 


, of by-products 
derived from more than one mol. of primary amine. 

Among the com puapaned tey the euthere the have ast been : 
ethyl o-toluids ylenemalonate, ethyl p-toluidinomethylenemalonate, ethyl p-acetamidoanilinomethylene- 
malonate, and their corresponding quinoline derivatives. 

Ethyl mixture of redistilled ethyl malonate 160 1 g.-mol.), ethyl 
orthoformate (148 g.; 1 fmol), acetic anhydride (204 g.; 2 g.-mols.) and freshly fused anhydrous zinc 
chloride (2—3 g.) was boiled under reflux for 45 minutes. The initial heating was gentle as otherwise the 
vigorous boiling which began with the formation of ethyl acetate sometimes caused the reaction to 
become uncontrollable. The mixture was then distilled at ordinary res until the temperature in 
the boiling liquid was 190°. The residue was cooled, filtered as oF mapeny possible, and distilled under 
reduced pressure, the fraction, b. p. 140—160°/10 mm., being co If these operations were 


p-Chloroaniline ...... 

p-Nitroaniline...... oe 142 719 

a-Naphthylamine .. 2 hours 88 65 19¢ 69-2 585 690 6-07 
p-Acetamidoaniline 30 mins.*** 178 77 C,,H,O,N, 602 650 60-0 6-26 


* Product recrystallised from light petroleum (b. p. 40—60°)-ether; ** from ethyl acetate; *** from 
ethanol ; an others from light 


It would appear, therefore, that the difficulties experienced by Schofield and Simpson were due to 
; in their starting materials, - the ethoxymethylenemalonate. This would 
Ethyl Antlinomethylenemalonates. 
Yield Found, %. Reqd., %. 
Time of (puri- 
Amine used. heating. ‘M. p. fied, %). Formula. Cc. H. Cc. H. 
Aniline ................ 20 mins.* 50° 76 Cy,H,,0,.N (2) 
o-Toluidine ............. 20 mins. 63 73 C,,H,,0,N 65-2 655 65:0 6-85 
p-Toluidine ............. 30 mins. 48 41 65-2 630 65:0 6-85 
m-Chloroaniline ......._ 1 hour 57 74 C,,H,,0,NCl (1) 
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Ethyl 4-Hydroxyquinoline-3-carboxylates. 
Ring closure. hom Found, %. Reqd., %. 
Substituent. Temp. Time. M.p. fied, %). Formula, H. Cc. H 
50° 1 hr.* 270° 90 (2) 
8-Methyl-......... 250—260 1 hr.** 259 717 Cy3H,,05 67-9 583 67:5 5-63 
6-Methyl-......... 290 15 mins.** 268 55 CysH,,0,N 67:35 5-47 67-5 5-63 
7-Chloro- ......... 280 15 mins. 297 59 C,,H,,0,NCl 1 
6-Chloro- ......... 260 1 hr. 293 60 C,,H,,0,NC1 2 
6-Nitro- ......... 250—270 1 hr. >300 76 C,,H,,0,N, 2 
7:8-Benz- ...... 250 1 hr. 256 88 C,,H,;0. 71-8 515 71-7 4-90 
6-Acetamido- ... 290 15 mins. 290 61 CyHyO,N, 61:7 499 61:3 5-14 
(decomp.) 
* Product recrystallised from acetic acid; ** from benzene; all others from nitrobenzene. 
4-Hydroxyquinoline-3-carboxylic Acids. 
Found, 
Substituent from M. p.* Formula. Cc H. Cc. H 
nitrobenzene 270° (2) 
8-Methyl-............... oo 265 C,,H,O,N 65-1 4:72 65-1 4-43 
6-Methyl-............... 266 C,,H,O,N 65-2 4-22 65-1 4-43 
269 C,,H,O,NCl 1 
6-Chloro- 261 10H, 1 2 
an acetic acid 273 C,,.H,O,N, 2 
7: 8-Benz- ............ acid could not 278 C,,H,O,N 
6-Acetamido- be i 265 12F 10 
* All with decomposition. 
4-Hydroxyquinolines. 
Decarboxylation. Yield Found, %. Reqd., %. 
Substituent. Temp. Time. M.p. fied, %). Formula Cc H. 
270—280° 30 mins.* 201° 85 2 
8-Methyl- ...... 280 20mins. 211 81 C,,H,ON 155 576 75:4 5-67 
6-Methyl- ...... 280 20mins. 230 90 75-15 535 75-4 5-67 
7-Chloro- ...... 260 20mins.** 274 51 C,H,ONCI 
6-Chloro- ...... 280 20mins.** 271 57 C,H,ONCI1 2 
7:8-Benz- ... 310 5 mins. 243 95 C,,;H,ON 76-5 16-4 4-92 
+}H,O 76-3 65-21 


* Product recrystallised from ethanol; ** from water-ethanol; all others from water. 


( Cf. Price and Roberts, J. Amer. Chem. Soc., 1946, 68, 1204. 
2) Cf. Riegel et al., ibid., p. 1264. 


performed over a period of 24}—3 hours, the residue after distillation was extremely small. The product 
on redistillation boiled almost completely at 156—160°/14 mm., and this fraction (80—100 g.) was pure 
enough for all subsequent reactions. . 
Details of all other experimental work are summarised in the Tables —RopDENSIDE ORGANIC 
vane 108 LimITED, and SoutH-East Essex TECHNICAL COLLEGE, DaGenHaM. ([Received, 
une 10th, 


Experiments on the Synthesis of Karanjin. By A. SEETHARAMIAH. 


WHILE ents were in pa on the total synthesis of karanjin AGt Seshadri and Venkateswarlu 
(Proc. mr te cad. Sci, 1941, 13, A, 404: 1943, 17, A, 16) synthesised the keto-phenolic +e (II), 
which had been previously converted into karanjin by Manjunath e¢ al. (Ber., 1939, 72, 96). In the 
present note the results of experiments carried out in this field are placed on record. 

Since only resinous —_ were obtained when the Hoesch reaction (with meth yl cyanide 
or methyl cyanide) and the Friedel-Crafts reaction (with methoxyacetic anhydride) were carried out 
with 4-hydroxybenzfuran, the former reaction was carried out with 4-hydroxy-2 : 3-dihydrobenzfuran 
and methoxymethyl cyanide. The product (m. p. 174°), was found to be different from that obtained 
(m. P; 72°) on reducing the furan ring in (1), It is assumed that the side chain has entered the position 7. 

ttempts were made to synthesise (II) from 4-methoxybenzfuran-5-carboxylic acid (III), which was 
converted into the diazo-ketone via the acid chloride. Hydrolysis of the diazo-ketone was —", to 
yield (IV). But the only product that could be isolated in a pure state had the formula C,,H,O,, did 
not contain any methoxyl group, and is regarded as a coumaronone of structure (V) (cf. Clibbens and 
Nierenstein, J., 1915, 107, 1491). It must be added that it was not possible to obtain it by treating 
Coe keto-phenolic compound (II) with 50% formic acid or boiling it in benzene solution with 

hi oric oxide. 

(10 c.c.) was catalytically reduced with hydrogen using 25% palladium. (0-5 g.) prepared 
according to Ott and Eichler (Ber., 1922, 55, 2661), until 215 c.c. of hydrogen (30°, 686 mm.) been 
absorbed. The solution was diluted with ether and filtered, and the solvent removed under reduced 
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. The residue was distilled at 2 mm. from an air bath (bath temp. 120—135°). The ‘eet 
0-9 g.) crystallised from light _— (b. p. 60—70°) in needles, m. p. 75° (Found: C, 70-8; H, 6-2. 
C,H,0, requires C, 70-6; H, 5-9%). 


V4 OH 


4-H ydroxy-7-methoxyacetyl-2 : 3-dihydrobenzfuran.—A solution of 4-hydroxy-2 : 3-dihydrobenzfuran 
(0-35 g.) and methoxymethyl cyanide (0-19 g.) in absolute ether (12 c.c.) was cooled in a mixture of ice 
and salt and saturated by passing a slow current of hydrogen chloride through it. The mixture was 
left in an ice-chest for 35 hours and the crystalline y ochloride separated by decantation. It was 
decomposed by the addition of warm water and the solution heated on the water-bath for } hour. On 
cooling, a white compound separated in needles, m. p. 174° (yield, 0-15 g.) (Found: C, 63-4; H, 6-0. 
C,H4,0, requires C, 63-5; H, 58%). The compound did not give any coloration with ferric chloride 
solution and is regarded as being isomeric with the dihydro-derivative of the keto-phenolic compound (II). 
4-Hydroxy-5-methoxyacetyl-2 : 3-dihydrobenzfuran.—The keto-phenolic compound (II) (0-52 g.) dis- 
solved in e y! acetate (15 c.c.) was catalytically reduced with hydrogen, using platinum black (0-1 8.) 
(Org. Synth., Vol. VIII, 1928, pp. 92—99), until it had absorbed 75 c.c. of hydrogen (27°, 687 mm.). e 
solution was filtered and the solvent removed. The residue on crystallisation from water mr in 
white flakes (yield, 0-15 g.), m. p. 72° (Found : C, 63-4; H, 5-9. C,,H,,O, requires C, 63-5; H, 5-8%). 

The compound gave a ish-blue colour with ferric chloride solution, and gave a _ ellow 
semicarbazone which car in plates from dilute alcohol; m. p. 250—251° (decomp.) (Found : N, 16-3. 
C,,H,,0,N, requires 15-9%). 

4-Methoxy-5-diazoacetylbenzfuran.—The acid chloride (1 -5g.),m.p.71°, according to Manjunath 
and Seetharamiah (J. Mysore University, 1941, B, Vol. II, Pt. III, pp. 20—21) from 4-methoxybenzfuran- 
§-carboxylic acid (III), was dissolved in benzene (20 c.c.) and added slowly with shaking to a solution of 
diazomethane (2-5 mols.) in ~y 4 ether cooled in ice during 20 minutes. A mild and persistent evolution 
of gas was noticed. After 24 hours, when the solution was still yellow, ether was removed by a current 
ofcoldair. Tothe benzene solution light petroleum (b. p. 5|0—60°) was added to SS. the compound 
which was collected at the pump. It was recrystallised several times from ne-light petroleum, 
in needles, m. p. 105—106° (decomp.) (yield, 0-8 g.) (Found : N, 13-1. 

TEquires N, 12°90 

Furano(2’ : 3’ : 6 : 1)dihydrobenzfuran-3-one.—The above diazo-ketone (2-5 g.) was added in small 
quantities with shaking to 50% formic acid. A vigorous reaction took place with evolution of gas. The 
mixture was heated on the water-bath for 15 minutes to complete the reaction, filtered hot, and allowed 
to cool. A light yellow solid (0-8 g.) separated. This was collected at the pump and refluxed with 50% 
ethyl alcohol for 4 hours. It was crystallised twice from the same solvent, and a yellow crystalline 
material, m. p. 91—94°, was obtained. This was found to be a mixture which could not be resolved. 

The filtrate (from above) on dilution with water deposited a yellow crystalline compound (1-5g.). It 
was refluxed for 4 hours with just the amount of 50% ethyl alcohol necessary to keep the compound in 
solution. On cooling, a crystalline compound ted; it was twice crystallised from the same solvent ; 
light yellow needles, m. P 103—104° (yield, 0-7 g.) [Found : C, 68-9; H, 3-6; M(Rast), 180. C, H,O, 
requires C, 69-0; H, 3-4%; M, 174). 

When the diazo-ketone was hydrolysed with 100% formic acid there was very considerable resinifi- 
cation and a very poor yield of the compound, m. p. 103—104°. The diazo-ketone on hydrolysis with 
dilute alcoholic sulphuric acid yielded the same oo a m. p. 103—104°, in fairly good yields. 

The coumaranone (V) gave a semicarbazone which on two crystallisations from absolute alcohol 
charcoal), in which it is sparingly soluble, ted in white crystals, m. p. 242—-244° (decomp.) [Found 
182% and Strauss, Oxford) : C, 57-3; H, 4-0; N, 17-9. C,,H,O,N, requires C, 57-1; 

4-Hydroxy-5-hydroxyacetylbenzfuran.—Com: d (II), m. - 96° (3 g.), was dissolved in glacial acetic 
acid (25 c.c.), and 3 c.c. of hydriodic acid (d 1-7) was added. e mixture was heated on a water-bath for 
2 hours, cooled, and diluted with water (250 c.c.). A tarry material which solidified on cooling was 
obtained. This was dissolved in dilute sodium hydroxide solution. On passage of carbon dioxide 
through this solution about 1 g. of material, m. p. 85—94°, was obtained; it was removed by filtration. 
Carbon dioxide was again passed through the filtrate, and the solid material (0-7 g.) collected at the ane. 
It was repeatedly 49-2 from water; white needles (0-4 g.), m. p. 139° ound: C, 62-5; H, 4-4 
Cy9H,O, requires C, 62-5; H, 4-2%). The compound reduced Fehling’s solution very readily, and gave a 
blue colour with ferric chloride solution. It did not undergo cyclisation on being heated in 50% formic 
acid or refluxed with phosphoric oxide in benzene solution. 


The author wishes to record his grateful thanks to Dr. B. L. Manjunath for his useful suggestions and 
interest in the investigation, which was carried out in the laboratories of the Central College, the Universi 


of Mysore, Bangaiore.—THE DEPARTMENT OF LEATHER INDUSTRIES, THE UNIVERSITY, LEEDS. (Received, 
June, 26th, 1947.) 
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Obituary Notices. 


OBITUARY NOTICES. 


BERNARD SHIRLEY DYER. 
1856—1948. 


BERNARD Dyer died in London at his home on February 12th, 1948, in his ninety-second year, 
seventy-three years after his election as a Fellow of the Chemical Society, of which he was the 
oldest member. 

He was born in London on February 25th, 1856, the son of J. A. Dyer, a then well-known 
London journalist. He was educated, during the headmastership of the late Dr. E. A. Abbott, 
at the City of London School, where chemical lectures had for many years formed a normal part 
of the curriculum, opportunities being afforded for voluntary practical work on half-holidays. 
On leaving school at the age of seventeen he became a pupil assistant to Dr. Augustus Voelcker, 
consulting chemist to the Royal Agricultural Society, in his laboratory in Salisbury Square, 
Fleet Street, where he was associated with Voelcker’s two sons, John and E. W., and with 
Alfred Smetham. It is a tribute to this early training in Salisbury Square that Dyer, the 
Voelckers, and Smetham continued in close association throughout their lives, and that each 
was honoured, in due course, by election to the Presidency of the Society of Public Analysts. 

_ The scope of Bernard Dyer’s work during the three years he spent with Voelcker naturally led 
to a specialisation in agricultural chemistry and doubtless determined the background and 
pattern of his working life. Possessing an inherited aptitude for journalism, he was soon 
engaged in writing popular signed articles on elementary agricultural chemistry for various 
agricultural journals and for the lay press, and this led to an extensive correspondence and 
friendship with farmers and a fruitful experience of farming operations. In those days the 
only places of systematic agricultural education in England were the Royal Agricultural College 
at Cirencester and its offshoot at Downton, in Wiltshire. The average level of knowledge of 
elementary agricultural science was very low; it was not until the early nineties that, through a 
fortunate happening (known familiarly as ‘‘ The Whisky Money ”’), the Government became 
suddenly in a position to provide for technical education on a wide scale, and of this aid 
agriculture received a liberal share. Agricultural education became part of the work of most 
Universities or Colleges of University standing, and many new provincial Agricultural Colleges 
and Farm Institutes came into being. 

The energy and enthusiasm which Bernard Dyer applied to his daily work must have been 
extraordinary, for about this time he took the B.Sc. degree of the University of London, was 
appointed consulting chemist to the Devon County Agricultural Society in 1877, and later to the 
Essex and Leicestershire Agricultural Societies as well as to various local Farmers’ Clubs and 
Chambers of Agriculture, and in 1880 was appointed Lecturer on the Progress of Agriculture at 
the City of London College, where for eight years he gave evening lectures attended by farmers, 
market-gardeners, and others interested in the subject within easy reach of London. To cope 
with the analytical work arising from these activities he—at the precocious age of twenty-one— 
established a laboratory at 17 Great Tower Street, London, in premises which he continuously 
occupied until they were destroyed in an air raid in May, 1941. Here he built up an extensive 
analytical and consulting practice, specialising particularly in agricultural and food chemistry 
and in the work which is now recognised as the province of the public analyst. 

His first published paper was on field experiments on the growth of turnips at Rusper, 
Horsham, in the Journal of the Royal Agricultural Society in 1884, followed by a further paper on 
field experiments on cabbages. The latter led to co-operation with the Essex Agricultural 
Society in systematic field experimental work on the manuring of mangolds, oats, potatoes, and 
cabbages from 1886 to 1891, the principal outcome of this work being the demonstration that 
mangolds—an important crop in Essex dairy farming—would repay the application of far 
larger dressings of nitrogenous fertilisers than was then customary, and that the raising of heavy 
crops of mangolds by liberal dressings had no deleterious effects on the following grain crop. 
The continuation of this work was handed over to the Technical Education Committee of the 
Essex County Council, and developed, in due course, into the now flourishing East Anglian 
Institute of Agriculture. 

About this time the question of the value of soil analysis as a means of assessing the 
availability of the mineral elements of soil as plant foods was receiving considerable attention. 
It had long been recognised that the quantities of phosphoric acid and potash extractable from 
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soil by mineral acids afforded no reliable information in this connection. For some years 
Bernard Dyer had been pondering over the problem, and had been attracted by the generally 
accepted assumption, based on observations by Sachs, that plants extracted their mineral 
food from the soil by the solvent action of root sap exuded from their“ root hairs”. It seemed to 
him necessary, however, that more precise information about the actual acidity of root sap must 
be obtained before any real step forward in this direction could be made. Accordingly in 1889 
he set to work in his own laboratory and determined the root acidity of some 100 plants, 
comprising sixty-seven species or varieties and ranging over twenty-two natural orders. He 
found that the average acidity was equal to that of a 0°9% solution of citric acid. This was so 
strikingly in line with an earlier suggestion of Tollen and Stutzer for the use of a 1% solution of 
citric acid for the assessment of the “‘ availability ’”’ of phosphatic fertilisers that Dyer was 
encouraged to undertake the work of further systematic investigation, and, after consultation 
with and assistance from Sir John Lawes and Sir Henry Gilbert, he proceeded to the task of 
determining the amounts of phosphoric acid and potash, both total and soluble in 1% citric acid 
solution, in samples of twenty-two barley soils taken from plots in Hoos Field, Rothamsted— 
plots grown continuously under barley for forty years with complete records of their manuring 
and cropping. The general outcome of the investigation seemed to justify the usefulness of the 
1% citric acid solution for the purpose of assessing the ‘‘ availability ” of phosphoric acid and 
potash in soil and, in fact, it was generally accepted and widely used. Although a different 
view of the modus operandi of root absorption is now in favour, the ‘‘ Dyer citric acid method ”’ 
is still in use in many agricultural laboratories. For this investigation the University of London 
granted him the D.Sc. in 1892, and the results were recorded in a paper read before the Chemical 
Society and published in the Journal in 1894. 

Doubtless Sir John Lawes recognised the merit and potential value to agricultural science 
of this work, for he then suggested to Bernard Dyer the larger task of examining the soils 
of the world-famous Broadbalk wheat field. This field had recently (1893) been sampled to 
three depths, 1—9, 10—18, and 19—27 inches, corresponding with samples still then in existence 
which had been drawn in 1865 and in 1891, and all these samples were placed at his disposal and 
examined in his laboratory. The analytical work took some years to complete, but when 
completed there yet remained the absorbingly interesting task of correlating the results with the 
estimates obtained by mathematical computation from the complete records which had been kept 
of the quantities of phosphoric acid and potash added by manuring and removed by cropping. 
(Some of the plots in the field had been continuously unmanured for fifty years, and some 
continually dressed with farm-yard manure or artificial fertilisers during the same period.) The 
results were published in 1901 in the Philosophical Transactions of the Royal Society just after the 
death of Sir John Lawes, to whom the inspiration of the work had been due, and only shortly 
before the death of Sir Henry Gilbert. 

A little earlier (in 1900) Bernard Dyer delivered the then triennial Course of Rothamsted 
American Lectures at Newhaven, U.S.A., before the Association of Agricultural Colleges and 
Experimental Stations. These lectures were published by the United States Department of 
Agriculture in 1902, under the title of ‘“‘ Results of Investigations of the Rothamsted Soils ’’, 
' and aimed at giving in collective form an account of all the chemical work hitherto carried out in 
this direction by Gilbert and his various co-workers. 

In 1893 Bernard Dyer wrote a little book on “‘ Fertilisers and Feeding Stuffs ’’, and in 1894, 
in co-operation with F. W. E. Shrivell, of Golden Green, Hadlow, Kent, he began a course of 
field experiments on the manuring of vegetables and fruits, on which very little work had 
previously been done. The investigation, which continued over twenty years and dealt with 
twenty-seven varieties of vegetables and nine varieties of fruit crops, was carried out with the 
aid of an annual grant from the Chilean Nitrate Committee; results were recorded in the Journal 
of the Royal Horticultural Society and the Journal of the Ministry of Agriculture in 1903, and as a 
separate publication in 1924 on ‘‘ The Manuring of Market Garden Crops ”’. 

Despite the immense amount of work of an agricultural nature rehearsed above—work which 
by itself would seem sufficient for any one man when of necessity it must have been largely 
carried out personally in such time as could be spared from the business of earning his living— 
Bernard Dyer did much original work in food chemistry, and kept abreast of scientific progress 
by a close working association with the members of various learned Societies, and regular 
attendance at their meetings. 

He became a Fellow of the Chemical Society in 1875, and served on the Council during 
1893—97 and 1904—08. To the Journal he contributed the results of his original agricultural 
investigations, and also, in 1895, a study of the Kjeldahl method for the determination of 
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nitrogen—a paper of outstanding importance on a subject on which he was, in Great Britain, a 
pioneer. 

He was admitted into the newly formed Society of Public Analysts at its first meeting in 
1875, became a member of Council in 1880, then (jointly with Otto Hehner) Honorary Secretary 
from 1883 to 1896, when he was elected President in succession to Sir Thomas Stevenson. He 
contributed a number of papers to The Analyst, dealing with analytical methods and with natural 
variations in composition of food-stuffs, based, in some instances, on the accumulated records of 
analysis made over long periods. As late as 1932 he was responsible, in collaboration with the 
late Dr. C. A. Mitchell, for the compilation of a history of the first fifty years of the Society. 
But valuable as these contributions were to the Society they could scarcely compare in value 
with the worth of the personal association and the administrative and executive help which he 
rendered, officially and unofficially, during more than seventy years of membership. For of all 
the Societies to which he belonged none was more beloved by Bernard Dyer than the Society of 
Public Analysts. 

He was elected an Associate of the Institute of Chemistry in the year of its formation (1878), 
and became a Fellow in 1880; he served on the Council for various periods between 1889 and 
1929, including two years (1908—10) as Vice-President, and acted as Examiner during 
1899—1903 and 1915—25. He was an original member of the Society of Chemical Industry, 
and acted as Chairman of its London Section in 1923 and 1924. 

He held appointments as Agricultural Analyst under the Fertiliser and Feeding Stuffs Act, 
and as Public Analyst under the Food and Drugs Act for many Counties and Boroughs, and was 
official Analyst to the London Corn Trade Association. 

He married twice, first Alice Collett, and secondly in 1890 Edith Steel, who survives with 
two of their three daughters. 

Tributes to the personality of Bernard Dyer, to his charm and kindliness, to his comradeship, 
and to his peaceful outlook on life, will be paid in the living memories of many of us in the years 
tocome. But of Bernard Dyer in his younger days we can only learn from the printed page, for 
a grand old age must inevitably be lonely with the loss of youthful friends. A little glimpse is 
afforded in his own history of the Society of Public Analysts where he tells of the early days of 
the Society when ‘‘ the bow of Apollo was slackened ” and he formed one of the group of members 
who regularly repaired after the monthly meetings, in the earlier period to a secluded corner of 
the well-known bar of the Criterion Restaurant, and later to an equally well known West End 
‘‘ Bier-Halle ’’, and there ‘‘ by the pleasant friction of brains over beer and tobacco ”’, thrashed 
many and diverse matters of discussion, usually until midnight. Indeed, ‘‘ these meetings 
continued until the world was turned upside down in 1914”’. As Bernard Dyer was then, so he 
remained always, essentially a clubable man; it is this side of his character, particularly by its 
antithesis to the austerity of his scientific work, which helps to paint the picture of his life. 

For in his work he had a tenacity of purpose, a scrupulous exactitude, and an uncanny power 
of straight reasoning that almost compelled the successful issue of any problem which he tackled. 
He believed that synthesis proved the truth of analysis, and expressed this belief in his favourite 
command : “ now let’s get down to real herrings ! ” although usually long before he got to the 
herrings his analytical skill had anticipated the difficulties or seen the errors in the analysis. 

Another outstanding characteristic was his sense of humour; he loved the odd and bizarre. 
A faithful Dickensian, he was always alert for the Pickwicks, the Mrs. Harris’s, the Silas Weggs, 
and the others who are constantly passing by or just slipping round the corner. This humour 
was always peeping out in the wonderful fund of reminiscences with which occasionally—but 
only occasionally—he could be persuaded to delight a few friends. He delighted in the 
architecturally beautiful and the historically interesting, and he possessed Sam Weller’s 
knowledge of London. » 

He thought it well that the right hand should not know what the left hand did, and it is only 
now, when many tributes are being paid to the help which he ungrudgingly and often voluntarily 
gave to others, particularly to the young and struggling, that we can even vaguely appreciate 
how often throughout his life he extended a helping hand. 

His life was too full for any serious hobbies or recreations, but he was a moderate violinist in 
his young days, and he played a good game of chess; always he enjoyed fly-fishing and 
occasionally a little golf in a club handicap match. 

As to each his epitaph, so to Bernard Dyer—he fought a good fight; he finished the course ; 
he kept the faith. 

GEORGE TAYLOR. 
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ERNALD GEORGE JUSTINIAN HARTLEY. 
1875—1947. 


ERNALD GEORGE JUSTINIAN, the only son of George Thompson Hartley, Esq., of Wheaton 
Aston Hall, Staffordshire, was born on May Ist, 1875. He came of a long-established 


family, and his unusual Christian name Ernald was borne by an ancestor who was knighted 
for his services to the crown in Plantagenet times. He was educated at Harrow and Christ 
Church, Oxford, where he studied under Harcourt and was placed in the first class in the 
School of Natural Science (Chemistry) in 1897. During the next three years he remained in 
Oxford as a demonstrator in the Christ Church laboratory, carrying out at the same time research 
in collaboration with Professor (afterwards Sir Henry) Miers, and publishing several papers on 
the composition and constitution of mineral phosphates and arsenates. These early papers in 
which Hartley was responsible for the chemical work already showed his ability in precise 
quantitative analysis to which he returned with zest and marked success later in life as a 
teacher in the Oxford chemical school. 

Hartley left Oxford in 1900 and became chemist to a colliery company in his native county. 
Commercial work of this type soon, however, proved uncongenial, and the methods of work not 
consonant with the high standards he always set himself. He therefore gladly availed himself 
of an opportunity to return to pure research. The Earl of Berkeley had recently retired from 
service in the Royal Navy and resolved to devote himself to scientific research. His intention 
was to become a member of Christ Church and to work for an Oxford research degree at his 
private laboratory at Foxcombe, some five miles outside the city. It was most unfortunate that 
the rigidity of the University statutes rendered this scheme impossible, for it produced an 
estrangement between Lord Berkeley and Oxford, to the detriment of both, which was only 
broken down many years later. However, during the short time that Lord Berkeley spent in 
the Christ Church laboratory he met Hartley, and, when the laboratory at Foxcombe came into 
operation, invited him to join him as a colleague in a programme of research on the osmotic 
properties of solutions. So began the collaboration which during the next thirteen years was 
to add so much to our knowledge in this field. It is not possible to arrive at an exact apportion- 
ment of credit in so intimate a partnership, but it is fair to say that Lord Berkeley’s imagination 
and instinctive engineering skill were fairly matched by the critical ability of Hartley, his patient 
and accurate experimental work, and his judgment in detecting and overcoming sources of 
error. 

Although the foundations of the theory of solutions had been brilliantly laid and the 
fundamental importance of osmotic pressure demonstrated by van’t Hoff nearly twenty years 
before, the experimental basis in Pfeiffer’s experiments was by no means adequate even to 
establish the dilute solution law. Berkeley and Hartley accordingly first undertook a critical 
examination of the errors involved in Pfeiffer’s experiments. Morse and Fraser in America 
worked on the problem at about the same time. Both teams of investigators devoted much 
attention to the preparation of copper ferrocyanide membranes of great perfection, capable of 
allowing the passage of water but impeding absolutely the passage of the dissolved substance. 
Both were well aware of a fundamental difficulty in the Pfeiffer method in which osmotic 
equilibrium is set up by the entry of the solvent through the membrane producing changes of 
concentration. But while the American investigators were content to improve the Pfeiffer 
method and to allow for the dilution of the cell contents by calculation, Berkeley and Hartley 
felt that the slowness of diffusion of sugars, which at that time were the only solutes for which 
membranes were truly semi-permeable, made the equalisation of concentration practically 
unattainable, especially in more concentrated solutions. They were accordingly led to devise a 
new method of osmotic pressure determination in which a measured hydrostatic pressure was 
applied to the solution so as to prevent the entrance of water. This method was described in 
their first paper in 1904, and the apparatus was finally perfected until it was able to give accurate 
osmotic pressures up to values of 130 atmospheres. The results obtained with various sugars 
showed that van’t Hoff’s dilute solution law was strictly true in the limiting case of infinite 
dilution, while concentrated solutions invariably had osmotic pressures much in excess of RTc. 

The limitations of the copper ferrocyanide membrane confined the direct measurement of 
osmotic pressure to a small and limited class of solutes, and Berkeley and Hartley next turned to 
the indirect method of vapour pressures. Here again critical examination of existing methods 
led to the perfecting of an apparatus in which very precise measurements could be made. With 
the aid of C. V. Burton who had jointed the Foxcombe team, the accurate conversion of vapour 
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pressures to osmotic pressures for any degree of concentration was accomplished by the use of 
the thermodynamical work of A. W. Porter. With the same solutes as in direct determinations 
a very close degree of concordance was obtained, so that the vapour pressure method could be 
relied on as a precise method of exploring concentrated solutions of other substances. 

The search for other solutes which might be used with the copper ferrocyanide membrane 
had only brought to light a single one, calcium ferrocyanide, when Lord Berkeley suggested to 
Hartley that he should attempt the preparation of tetramethyl ferrocyanide. This was 
eventually accomplished and the “ ester,”” which turned out to be freely soluble in water, was 
suitable for osmotic measurements. Hartley’s work in its preparation, which was described in 
a series of papers in the Tvansactions, opened up an interesting field of chemistry which is worthy 
of special note. The methylation of silver ferrocyanide by methyl sulphate under pressure 
gave rise not to the expected product but to a complex mixture from which Hartley isolated 
substances which gave analyses corresponding to compounds of tetramethyl fe 
with either methyl sulphate or methyl hydrogen sulphate [(CH,),Fe(CN),,(CH,;),SO, and 
(CH,),Fe(CN), 2CH,*HSO,]. These substances did not behave as loose compounds, however, 
but were shown to be salts of a strong diacid base, hexamethy] ferrocyanogen hydroxide. By 
preparing the chloride by means of barium chloride and decomposing it by heating it in a 
vacuum, Hartley finally obtained tetramethyl ferrocyanide, of which two forms were found 
to exist, differing in solubility and crystalline form, which were named « and 8. 

Decomposition of this series of compounds with concentrated sulphuric: acid gave an 
important clue to their composition, for Hartley found that the reaction product from all the 
hexamethyl compounds treated with platinic chloride gave only the platinichloride of 
methylamine, while the two isomers of the tetramethyl compound gave mixtures of methylamine 
and ammonium platinichloride. It was therefore proved that all the nitrogen atoms in the 
hexamethyl compound, and presumably also four nitrogens in the tetramethyl compounds, 
were combined with methyl groups: i.e., they were isocyanides and not normal cyanides. 
Hartley endeavoured to account for these compounds on the basis of the current theories of the 
structure of ferrocyanides, but afterwards fully accepted their formulation as co-ordination 
compounds of ferrous iron with methyl isocyanide as suggested by Glasstone. Thus the 
hexamethyl compounds are the salts of the fully co-ordinated hexamethylisocyanide ferrous 
ion, [Fe(CH,*NC),|**, while the tetramethyl compounds are obtained by the replacement of two 
of the methyl isocyanide groups by isocyanide radicals which in accordance with Werner 
principles leads to an un-ionised compound, [Fe(CH,*NC),(NC),], as was proved by the osmotic 
measurements. The isomerism of the tetramethyl compound was now easily understood, 
being of the cis-trans type of which many other examples occur in 6-co-ordination. In a 
later publication with Powell, Hartley clinched the matter finally by showing that the tetra- 
methyl compound could be alkylated by alkyl iodide in presence of mercuric iodide. By methyl 
iodide the a- and §-tetramethyl compounds gave the same hexamethyl compound, while 
alkylation of the isomers with ethyl iodide gave isomeric tetramethyldiethyl compounds which 
formed different compounds with mercuric iodide. Hartley also investigated the alkylation of 
cobalticyanides and obtained similar isomeric methylated compounds, [Co(CH,°NC),(NC),j. 

In the 1914—1918 war, Hartley joined the Special Brigade, R.E., and saw service in France 
as Assistant Chemical Adviser to the First Army. In 1917 he returned to England owing to the 
serious illness of his eldest daughter to whom he was greatly attached, and after her death was 
posted to Gas Services Home (Research) Section under Lieut.-Colonel Harrison at University 
College, London. Dr. B. Lambert, who was in close touch with his activities both in the field 
and at home, writes that Hartley was ‘‘ of tremendous help in perfecting the first respirator to 
deal successfully with particulate clouds.” Lambert, who afterwards was to enjoy many years’ 
collaboration with Hartley in University work, adds: ‘‘ He was universally loved and respected 
both at First Army Headquarters and at University College. He was one of the straightest and 
most trustworthy men with whom I have had to deal, and I had a great affection for him.” 
After leaving the Army in 1919 with the rank of Major, Hartley returned to university work, 
becoming a university demonstrator in the Inorganic Chemistry Department at Oxford. His 
main responsibility was for teaching quantitative analysis, where his experience, knowledge, and 
unusual skill were greatly appreciated. He was a most gifted teacher, instilling almost 
imperceptibly his own passion for precision and his love of a job well done into generations of 
students who looked back to him with affection and admiration. He was highly esteemed by his 
colleagues for his single-minded and entirely unselfish service. No word of criticism was ever 
levelled against him, unless indeed it were for the excess of modesty which, as many thought, 
prevented him from attaining a more prominent place in the world of chemists. He neither 
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sought nor appeared to desire distinction. He never réad papers at meetings or took part in 
public discussions, and disliked any kind of publicity. Even the discussions round the black- 
board of Foxcombe, where Lord Berkeley loved to gather the team around him to thrash out 
some aspect of the work, would usually find Hartley missing. He would be discovered where he 
preferred to be, carrying out some practical operation in the laboratory 

His output of research during his Oxford period was not large, though he continued working 
on the alkylation of cyanides, and the important paper with Powell, which has already been 
mentioned, dates from this time. His love of country life led him to reside at Frilford House, 
some eight miles outside Oxford, which involved a considerable journey and limited his 
laboratory hours. He also preferred to devote himself entirely to practical teaching, avoiding 
lecturing, examining, and other distractions which beset university teachers. Naturally enough 
he was called upon to give long hours to demonstrating, and accordingly the fruit of his labours 
in Oxford is to be found in the men he helped rather than in the papers he published. He 
reached the retiring age in 1940, but stayed on to help the Department in the emergency of 
war until 1945, when failing health and the increasing difficulty of his daily journey from Frilford 
led to his retirement. 

He interested himself in local affairs and was a member of the Parish Council, and he and 
Mrs. Hartley and their family worked untiringly to develop and foster the cultural life of the 
community. The Hartleys all cared for the arts, and their home was a charming centre of culture 
and gracious hospitality. Hartley himself was a talented clarinet player and played for many 
years in the Oxford orchestra. In music and in his garden he found his chief pleasures. New 
duties came to him with the outbreak of war and were cheerfully and conscientiously performed. 
He undertook, for example, the thankless and onerous task of billeting officer for evacuees for 
the district, which his singular charm, tact, and humour well fitted him to perform. He was 
also a member of the Home Guard. 

The end came just before Christmas in a sudden seizure which ended in a few hours his life of 
service. He died on December 22nd, 1947, at his home at Frilford. He married in 1902 Mary 
Frances, the only daughter of Laurence Wedgwood, Esq., of Barlaston, Staffordshire, who 
survives him with a son and two daughters. To them sympathy will be extended by all his 
colleagues, friends, and pupils, who will gratefully remember his work and his modest charm. 


M. P. APPLEBEY. 
) 


PHILIP JOSEPH HARTOG. 
1864—1947. 


By the death of Sir Philip Hartog in his eighty-fourth year on June 27th, 1947, a well-known 
figure passed from the ranks of British chemists; for, although he had distinguished himself 
in later life in other fields, his first study, chemistry, always remained one of his living interests. 

Philip Joseph Hartog was born in London on March 2nd, 1864, the third son of Alphonse 
Hartog, a teacher of French. His mother, Marion Moss, was one of the earliest Anglo- Jewish 
women writers. His eldest brother was Senior Wrangler in 1869, and his other brother, Marcus, 
was for many years Professor of Zoology in Cork. A sister married the French scholar, Arséne 
Darmesteter, professor in the Sorbonne, who with his brother James, a distinguished orientalist, 
had great influence over Hartog in his formative years and must have largely inspired the 
breadth of interest and passion for accuracy characteristic of his work. In 1875 Hartog entered 
University College School, proceeding in 1880 to the Owens College, Manchester, where he 
graduated B.Sc.(Vict.) in 1882, his teachers including Roscoe, Schorlemmer, Balfour Stewart, and 
Schuster. For the next two years he lived with his sister in Paris, and studied under Friedel, 
Lippmann, and Wurtz at the Sorbonne, where he graduated Licencié-és-Sciences physiques, 
being placed first in the list. The results, according to custom, were announced in full session to 
the assembled candidates with their relatives and guests. Hartog paid no attention to the first 
few names, among which he did not expect to find his own, and after listening to the end 
expressed his disappointment to his brother-in-law, who had accompanied him, only to be told 
“* Mais, tu es le premier ”’. 

After Paris came Heidelberg in 1884. Here Hartog spent a year working in the laboratory 
of Bunsen, of whom he had many happy reminiscences. In 1885 he graduated B.Sc. in the 
University of London with Honours in Chemistry. From 1885 to 1889 he passed four fruitful 
years on research in “‘ chemical physics ”’ as a pupil of Marcelin Berthelot in the Collége de France. 

In 1889, after this wide experience under many of the leading chemists of the day, Hartog 
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returned as Bishop Berkeley Fellow in Chemical Physics to the Owens College, where in 1891 
he was appointed Assistant Lecturer and Demonstrator in Chemistry. He had already published 
some researches on the sulphites (Compt. rend., 1887, 104, 1793; 1889, 109, 179, 221, 244, 436; 
B.A. Report, 1889, 549). Other contributions soon followed: with T. Ewan, the posthumous 
calculation and publication of Hoskyns Abrahall’s determination of the atomic weight of boron 
(J., 1892, 61, 650); with J. A. Harker, on a sensitive calorimeter (B.A. Report, 1892, 662) and 
on the latent heat of steam (Nature, 1893, 49,5; Mem. Manchester Lit. Phil. Soc., 1894, 8, 37) ; 
with G. J. Fowler on silver alloys (J. Soc. Chem. Ind., 1895, 14, 243) and on iron nitride (Proc., 
1900, 16, 210); and critical historical studies on the Periodic Law (Nature, 1890, 41, 186), the 
word ‘‘ eudiometer.”’ (ibid., 1893, 48, 127), and the Berthollet—Proust controversy (ibid., 1894, 
50, 149). 

Hartog’s future seemed to be cast for chemistry, but other interests were claiming him. He 
helped to organise the University Extension Lectures, and in 1894 he was appointed Secretary 
to the University Extension Scheme of the Victoria University, in conjunction with his assistant- 
lectureship in Chemistry. This step more clearly marked out his future course, and his interest 
in educational administration was stimulated by his friendship with Michael Sadler. In 1902—1903 
he acted as Secretary to the Alfred Mosely Commission of Educational Inquiry. In 1903 he was 
appointed Academic Registrar of the University of London, the appointment marking his final 
severance from experimental research. Many important changes and reforms were carried out 
in the University of London during his seventeen years of office as Academic Registrar. 

Hartog played an outstanding part in the establishment of the School of Oriental Studies, now 
the School of Oriental and African studies, serving as secretary, first to the Treasury Committee 
(1907—1909) under Lord Reay as Chairman, and then to Lord Cromer’s India Office Committee 
(1910—1917), which planned the School. He was appointed a representative of the Crown on the 
Governing Body at its formation in 1916, and continued to be an active member, except when 
in India, until 1946. His doughty championship of the School’s right to remain in its quarters, 
when threatened with eviction by two Government departments in the course of the war of 
1939—1945, led to Parliamentary action against an officialdom blind to the importance of the 
work of the School to an empire engaged on a war in the Far East. His services in the foundation 
of the School were recognised by the award of the C.I.E. 

In 1917 Hartog served under Sir Michael Sadler as a member of the Viceroy’s commission on 
the University of Calcutta (1917—1919). The report of the commission appeared in 1919, 
recommending extensive reforms, including the institution of the new University of Dacca 
(1920), for which Hartog was chosen as the first Vice-Chancellor. At Dacca he spent five years 
and built up the corporate tradition of a residential University in Eastern Bengal; and, in face 
of a popular demand for purely scientific and technical training, he made Dacca a cultural 
centre where learning and science flourished together and where both Muslims and Hindus 
shared in the life and activities of the University. 

On the conclusion of his term of office in Dacca, he served as a member of the Indian Public 
Service Commission (1926—1930) and of the Begum of Bhopal’s Commission of Inquiry on the 
Muslim University of Aligarh (1927), and then as Chairman of the Auxiliary Committee on 
Education of the Indian Statutory (Simon) Commission (1928—1929). In recognition of his great 
services to India, he was knighted in 1926 and created K.B.E. in 1930. 

Hartog loved the English language as an instrument for the clear expression of facts and 
ideas. At Manchester in his spare time he made experiments in the difficult business of teaching 
the writing of essays to pupils in schools and to classes of working men. He attacked the 
system which still asked pupils as recently as 1939 and 1940, in the School Certificate 
Examination, to write in an hour an ‘‘ English Essay ’’ on such subjects as Sugar, Spies, Etiquette, 
the North Sea, or Beasts of Burden. This was the reason why the average English boy could 
not write English; for he was not told to write for a particular audience and with a particular 
object in view, but was expected to address the civilized world in the consecrated form of the 
traditional essay after the models of the great masters of our prose literature, Dryden, Swift, 
Addison, Pope, Steele, and Johnson. The boy, or girl, might as well be told to “‘ write anything 
about something for anybody”. Lessons in grammar and in punctuation had their place, and 
so had dictation. But writing had a purpose, a reader, an audience. It was either a record 
for oneself or a message for someone else. And with this distinction between “‘ record” and 
*“ message ’”’ Hartog taught his experimental classes to write with a purpose. The results were 
judged not only by the teacher, but also by tlie class in a discussion in which all took part, the 
pupils thereby learning to decide for themselves whether or no the aim of the writer had been 
achieved. A critical spirit was thus called into play, and here Hartog saw democracy’s remedy 
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against the hypnotising magic influence of the printed word and of unsound propaganda. His 
work became widely known, but it still needs far greater application in our schools. Hartog 
expounded his teaching in many articles, addresses, and reports; and his first book on the 
subject, ‘‘ The Writing of English ’’, was published in 1907. Much of the substance of this book 
was embodied in his last and posthumous work, ‘‘ Words in Action ” (1947), which bore the 
sub-title, ‘‘ The Teaching of the Mother Tongue for the Training of Citizens in a Democracy ’’. 
It is a book that every student of science may read with great profit. 

On his return from India to London, Hartog resumed his critical study of the examination 
system about which he had already published his opinions in 1911 and in 1918. When the 
International Institute Examinations Enquiry was established by the Carnegie Corporation in 
1932, he became its Director and moving spirit in this country. The first report was published 
in 1935 as ‘‘ An Examination of Examinations ”’ in the joint names of Hartog and E. C. Rhodes. 
Its startling factual evidence revealed the weaknesses and failures of the current examination 
system, which were confirmed in two further studies, ‘‘ The Marks of Examiners ” (1936, with a 
memorandum by Professor, now Sir, Cyril Burt) and ‘‘ The Marking of English Essays ” (1941, 
with a statistical report by Professor Ebblewhite Smith). To carry on further research the 
Carnegie Corporation offered a final grant if it could be matched in England. The Leverhulme 
Trustees at Hartog’s suggestion made a donation of £1000. Thus £2000 was handed over to the 
Institute of Education, University of London, in 1940; and in 1945 the new body thus brought 
into being became the National Foundation for Educational Research in England and Wales. 

In 1938 Hartog had advocated the formation of a Central Register, and, when this was formed, 
he was invited to become Chairman of the Linguists Committee under the Ministry of Labour. 
This work took much of his time during the years of war. 

In his early days in Manchester Hartog had become deeply interested in the history of 
chemistry, an interest possibly to be traced to the influence of Marcelin Berthelot, whose 
researches into the chemistry of the Alexandrian and Arabic periods have become classic. At 
Manchester too Hartog had written many biographies of chemists for the ‘‘ Dictionary of National 
Biography ”’ marked by that exact and careful scholarship that counts no labour too heavy and 
no detail too trifling in the interests of accuracy. On his return from India, he was able to 
resume his studies of the work of Priestley and Lavoisier. In conversation he seemed to have 
an almost day-to-day knowledge of that great period in chemical philosophy in which Priestley’s 
experimental discoveries and Lavoisier’s theoretical speculations advanced together towards 
the foundation of modern chemistry. Hartog’s study of Priestley (Proc. Roy. Inst., 1931, 26, 395) 
and his address to the Chemical Society on the bicentenary of Priestley’s birth (J., 1933, 896) 
signalised the beginnings of a better and closer appreciation of Priestley’s remarkable experimental 
gifts. His ‘‘ Newer Views of Priestley and Lavoisier” (Ann. Sci., 1941, 5, 1), the substance of 
two lectures given at University College, London, in May, 1939, under the Scheme of Advanced 
Lectures of the University of London, made a classic contribution to the history of chemistry 
in its most striking phase. 

Hartog’s other writings include a history of the Owens College, Manchester (1900), contri- 
butions to the Special Reports of the Board of Education, ‘‘ Some Aspects of Indian Education ”’ 
(1939), essays on Pascal, Kultur, Poetry and Verse, and many articles on education and scientific 
articles and reviews in the ‘‘ Manchester Guardian ”’, to which he was a frequent contributor, and 
in ‘‘ The Times Educational Supplement ’’. 

Throughout a long and busy life Hartog found time to serve his own community. At the 
beginning of the century he was associated with Zangwill in the attempt to find a territory for 
the settlement of Jews from Russia. He served for many years on the Council of the Liberal ~ 
Jewish Synagogue, and was also a member of the Council of the Anglo-Jewish Association and 
of the Jewish Board of Deputies. In 1933 he went to Palestine as Chairman of a Committee 
concerned with the organisation of the Hebrew University. After Hitler’s accession to power he 
became Chairman of the Jewish Professional Committee to assist refugees, and was untiring in 
his efforts in this and other ways to relieve the sufferers from Nazi persecution. 

He married in 1915 Mabel Héléne, daughter of H. J. Kisch. Lady Hartog is the author of 
“* Living India” (1935) and ‘‘ India in Outline” (1944). There are three sons of the marriage. 

Hartog was always ready to give sympathy and active help to “ all sorts and conditions of 
men’. He had the gift of friendship and a generosity and tolerance towards the opinions and 
actions of others. As Marcelin Berthelot said of him more than half a century ago, he was 
“‘ un savant soigneux, consciencieux, exact dans ses analyses et trés laborieux ”’. 

D. McKie. 
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ADJOURNED ANNUAL GENERAL MEETING. 


The Adjourned One Hundred and Seventh Annual General Meeting was held in the Society’s 
Rooms, Burlington House, London, W. 1, at 5.15 p.m. on Thursday, June 6th, 1948, for the 
purpose of receiving the accounts for the year 1947. The President, Sir Ian Heilbron, D.S.O., 
D.Sc., LL.D., F.R.S., was in the Chair. 

The notice convening the meeting was read. 

In presenting the accounts for 1947, the Treasurer drew attention to the principal changes 
in income and expenditure compared with the 1946 accounts. In 1947, the accounts benefited 
from the increase in the annual subscription, and the rise in the Fellowship numbers; but the 
increased revenue from the higher prices now being charged for publications would not be 
apparent until the 1948 accounts were available. 

This year the accounts were balanced without the need for any withdrawal from the Special 
Reserve Fund, and a total of £2100 had been transferred to that fund on account of Publications 
and Building Reserve. Only £200, however, had been transferred to the Centenary Expenses 
Fund in 1947, and no transfer to the Staff Pensions Fund had been necessary against a total of 
£2000 for these two items in 1946. The Society had also benefited by a payment of {765 from 
the Society of Chemical Industry made to adjust the cost of publications supplied to Joint 
Members. In general, the Treasurer stated that the financial position was satisfactory although 
it must be realised that the Society would face very greatly increased charges for publication 
during the next few years. 

A vote of thanks to Mr. F. P. Dunn on his retirement from the Treasureship was proposed 
by Professor C. N. Hinshelwood who paid tribute to the energetic and cheerful manner in which 
he had shouldered very exacting responsibilities during a long period of adjustment and had 
always made available his expert knowledge and advice. The vote of thanks, to which Mr. 
Dunn replied, was seconded from the Chair and carried with acclamation. 

The formal adoption of the Statement of Accounts was proposed by Dr. R. C. Farmer and 
seconded by Dr. J. Honeyman. This was carried, following which the President declared the 
Annual Meeting terminated. 


» 
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GENATOSAN 


Fine Chemicals 


RECENT ADDITIONS: 


84 Triketohydrindene Hydrate A. 6/6 1m. 
107 Mesitylene (Pure) - - D. 50/- 500 gm. 


Y-Cumene (Pure) - - D. 38/- 500 gm. 
42 Bromomesitylene - - C. 104/- 500 gm. 
43 Bromo-¥-cumene - - C. 82/- 500 gm. 
544 Nitromesitylene - - C. 104/- 500 gm. 


GENATOSAN LTD. 
LOUGHBOROUGH LEICESTERSHIRE 
Telephone: Loughborough 2292 


June, 1948] ‘Journal of the Chemical Society. te xv 


Journal of the Chemichl Society. [June, 1948 


Exceptional Stability 


PYREX Brand Scientific Glassware with ition as one of the most dependable 
the remarkably low co-efficient of s of glassware the craftsman of the 
expansion of 3°2 x 10-6 per degree centi- present day can produce. 


grade possesses a high degree of stability. Moreov virtue expansion 
It is immune to the effects of sudden heat Brand 
~ and cold, and, as acids (except hydro- Scientific Glassware can be made more 

fluoric and glacial phosphoric) have no robust than that of ordi laboratory 
effect upon its surface, this famous glass, thus ensuring longer’ oatviee, and 
glassware, designed for every conceivable saving a high percentage of the cost of 
chemical process, can claim a premier glassware replacements. - 

PYREX Brand Scientific Glassware is supplied only through Laboratory Furnishers, but Mustrated — 

edtalogue and two free copies of our Chemist's Notebook will be sent direct on application to ws. 


James A. Jobling & Co. Ltd., Wear Glass Works, SUNDERLAND 
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